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REVIEW OF TERTIARY STRATIGRAPHY OF LOUISIANA! 


HENRY V. HOWE? 
Baton Rouge, Louisiana 


ABSTRACT 


The great thickness of the Tertiary sediments in Louisiana has only recently been 
appreciated. As Louisiana has not possessed a geological survey for the past 25 years, 
information concerning the stratigraphy of the state has appeared in many scattered 
publications. This paper is an attempt to bring such information together in a con- 
venient summary. Original definitions of groups, formations, and members are quoted 
and footnote references are given to the more important papers dealing with the strati- 
graphic nomenclature and paleontology of the Tertiary of the state. The writer has 
presented evidence to show that the Eocene group name “‘Wilcox” should be abandoned 
in favor of the name “Sabine.” He also suggests that the so-called “Middle Oligocene” 
“Discorbis, Heterostegina, and Marginulina zones” of the salt-dome section of south 
Louisiana should be correlated with the Miocene “Tampa limestone” of Florida as the 
marine equivalent of the Catahoula sandstone. 


INTRODUCTION 


Comparatively few of the stratigraphic names currently used to 
designate Louisiana formations originated in Louisiana or have their 
type sections in that state. Moreover, Louisiana is probably fortunate 
in the fact that several of her major groups have not been split into 
a myriad of improperly defined and confusing subdivisions. Much of 
the major work which accompanies accurate stratigraphy is yet to be 
done and, if future studies are made with the precision now known to 


1 Read before the Association at the Houston meeting, March 23, 1933. Decision 
as to whether the term “ Wilcox”’ (proper use of which is questioned in this article) shall 
be continued, due to its common usage, or whether the term “‘Sabine”’ shall be reintro- 
duced because of its priority and better type locality, has been submitted to the com- 
mittee on stratigraphy of the National Research Council, Washington, D.C. The author 
is in favor of following the decision of the committee. Notice of this decision will be 
published in the Bulletin —A.A.P.G. committee on geologic names and correlations. 


? Louisiana State University. 
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be needed, the major groups present in Louisiana may yet furnish the 
type sections for many minor subdivisions. 

The writer makes no pretense of presenting a complete survey of 
Louisiana stratigraphic nomenclature. Such a survey is scarcely pos- 
sible at the present time due to the vast number of stratigraphic units 
which, during the past 150 years, have been used either properly or 
improperly to delineate the formational sequence of the Tertiary of 
the Gulf Coast. 

This review is, instead, an attempt to give something of a picture 
of the major formational units present, with a brief mention of the 
lithologic character, thickness, and subdivisions of each. 


EocENE PERIOD 
MIDWAY GROUP! 


The writer believes that the first use of the term “Midway” in 
referring to Louisiana formations was made by Harris and Veatch.’ 
They gave two localities: Rocky Springs church in Sabine Parish and 
King’s salt works in Bienville Parish. The present writer® subse- 
quently showed the first locality to lie in the Sabine, and Spooner* 
failed to observe Midway fossils at Kings, and his map does not show 
it cropping out there. 

During the 20 years following the mention of Midway by Harris 
and Veatch, many papers appeared in which the term Midway was 
mentioned in well-log correlation. In most cases the horizon referred 
to in the well logs belonged to the lower part of the Sabine and the 
true Midway was assigned to the Arkadelphia, as was noted by Hull.’ 
In this paper Hull indicated that Midway was actually exposed on 
the Bistineau and Vacherie salt domes in Webster Parish and on. the 
Prothro dome in Bienville Parish. Further discussion of Midway dis- 
tribution in Louisiana has appeared in papers by Howe,® Spooner,’ 

1 Named for Midway Landing, on Alabama River, Alabama. For details of type 
section see: C. Wythe Cooke, ““The Cenozoic Formations,” Alabama Geol. Survey S pec. 
Rept. 14 (1926), pp. 251-97, especially pp. 253-56 and PI. 93. 

2G. D. Harris and A. C. Veatch, “The Geology of Louisiana,” Louisiana Geol. 
Survey Rept. (1899), pp. 64-84. 


3H. V. Howe, “ ‘The Many Salt Dome,’ Sabine Parish, Louisiana,” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 9, No. 1 (January-February, 1925), pp. 170-71. 

4 W. C. Spooner, “Interior Salt Domes of Louisiana,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 10, No. 3 (March, 1926), pp. 217-92; ibid., Geology of Salt Dome Oil Fields 
(1926), pp. 269-344. 

5 J. P. D. Hull, “Guide Notes on the Midway in Southwestern Arkansas, ” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 9, No. 1 (January-February, 1925), pp. 167-70. 

®H. V. Howe, “Extension of Midway Formation into Louisiana,” Pan-Amer. 
Geol., Vol. 43, No. 4 (1925), p. 3009. 

7 W. C. Spooner, op. cit., pp. 232-33. 
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and Moody.' Moody’s excellent picture of Midway sedimentation is 
quoted as follows. 


It has been known for many years that a long period of time elapsed be- 
tween the termination of Cretaceous deposition and the accumulation of the 
earliest Tertiary deposits. The evidence has been largely paleontologic. Re- 
cent drilling in eastern Louisiana and central Mississippi has, however, fur- 
nished remarkable physical evidence of the reality of this hiatus. Development 
of the Richland gas field has shown that the basal Tertiary lies on an erosional 
surface in which strata ranging in age from late Cretaceous to early Comanche 
have been truncated to form the floor on which the deposits of the Midway 
sea were built up. On the Jackson anticline in Mississippi the Midway lies on 
early Cretaceous beds and in Sharkey County the same formation lies di- 
rectly on igneous rock of andesitic composition the age of which is unknown. 
This heterogeneity of the floor over which the waters of the Midway sea were 
spread points clearly to a complex history in the time intervening between 
the cessation of Mesozoic deposition and the return to marine conditions at 
the dawn of Tertiary time. 

Great likeness exists between the sedimentary material of the basal Ter- 
tiary and the latest Cretaceous. The dark, steel-gray, shaly clays of which 
the Midway is largely composed, closely resemble the fine sediments of the 
Navarro of Texas, the Arkadelphia of Arkansas, and certain phases of the 
Ripley-Selma of Mississippi and Alabama. The lower part of the Midway 
group is chiefly calcareous, with true chalk occurring as lenses in Arkansas 
and Louisiana, which lenses are doubtless transitional from the Clayton lime- 
stone of the Alabama section to the Tehuacana limestone of northeast Texas. 
This calcareous Midway contains a well known marine invertebrate fauna. 
In later Midway time, limy material reached the sea in less and less quantity 
until only finely divided terrigenous detritus was deposited. Marine life also 
became gradually more impoverished and finally ceased to exist in the em- 
bayment region. It is noteworthy that siderite concretions were formed in 
profusion in the dark Midway clays. Their occurrence marks the end of the 
great Cretaceous cycle of calcareous deposition in the Gulf Embayment re- 
gion and may be considered as inaugurating the period of iron deposition 
which culminated in the Claiborne. Two important conclusions may safely 
be drawn from a study of the physical character of the Midway beds: (1) the 
materials of the Midway and of the late Cretaceous formations were derived 
from essentially the same source under similar climatic and topographic con- 
ditions; (2) during Midway time the earth’s crust was remarkably stable 
throughout hundreds of thousands of square miles in the Gulf Coastal Plain, 
being slowly and uniformly depressed while 600 feet of homogeneous mud 
was accumulating on the sea floor. Cessation of this crustal stability brought 
Midway deposition to a close and forced the Gulf shore back toward the con- 
tinental shelf. 


Recent papers have supplied information concerning the thickness 
of the Midway at a number of points in North Louisiana. The most 


1'C. L. Moody, “Tertiary History of Region of Sabine Uplift, Louisiana,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 15, No. 5 (May, 1931), pp. 531-5I. 
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abundant references deal with Caddo Parish in the northwestern part 
of the state where Fletcher! gives the thickness for the Caddo field 
as a whole as 600~700 feet. Crider,? however, reduced the thickness at 
Pine Island to 550 feet, and Shearer and Hutson* show the Midway 
to have a thickness of 300-400 feet in the region of the Dixie oil field. 
Farther east, Ross‘ gives the thickness as 600 feet in the Cotton Valley 
field and Spooner’ reports 450 feet of Midway at Homer in Claiborne 
Parish. Still farther east Gordon® has reported a thickness of 600 feet 
for the Midway in the region of Richland Parish. And farther south, 
in the neighborhood of the Angelina-Caldwell flexure, Shearer’ states: 

The Standard Oil Company’s Tremont Lumber Company No. 1, in’Sec. 


1, T. 12 N., R. 2 W., Winn Parish, . . . had a thickness of 2363 feet of Wilcox 
and Midway, of which at least 1,385 (possibly 1,564) feet was Wilcox. 


This gives a thickness for the Midway of either 978 or 799 feet—a 
figure considerably in excess of that recorded farther north in the state. 

Few fossils have been described from the Midway of Louisiana, 
but excellent papers are available which delineate the faunas from 
adjacent states. The principal monographs describing Midway fossils 
are by Harris,* Vaughan,® Clark and Twitchell,’® and Mrs. Plummer." 


1C. D. Fletcher, ‘““The Caddo Field, Caddo Parish, Louisiana,” Structure Typical 
American Oil Fields, Vol. 2 (1929), p. 188. 

2 A. F. Crider, “Pine Island Deep Sands, Louisiana,” Structure Typical American 
Oil Fields, Vol. 2 (1929), p. 170. 

3H. K. Shearer and E. B. Hutson, “Dixie Oil Pool, Caddo Parish, Louisiana,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 14, No. 6 (June, 1930), pp. 747-49. 

4 J. S. Ross, “Engineering Report of Cotton Valley Field, Webster Parish, Louisi- 
ana,” U.S. Bur. Mines Tech. Paper 504 (1931), p. 7. 

5 W. C. Spooner, “Homer Oil Field, Louisiana,” Structure Typical American Oil 
Fields, Vol. 2 (1929), p. 200. 

6D. Gordon, “The Richland Gas Field, Louisiana,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 15, No. 8 (August, 1931), p. 943. 


7H. K. Shearer, “Geology of Catahoula Parish, Louisiana,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 14, No. 4 (April, 1930), p. 444. 

8 G. D. Harris, ““The Midway Stage,” Bull. Amer. Paleont., No. 4 (1896). 157 pp. 

®* T. W. Vaughan, ‘“The Eocene and Lower Oligocene Coral Faunas of the United 
States,” U. S. Geol. Survey Monogr. 39 (1900). 263 pp. 

10 W. B. Clark and M. W. Twitchell, ““The Mesozoic and Cenozoic Echinodermata 
of the United States,” U. S. Geol. Survey Monogr. 54 (1915). 341 pp. 


"H. J. Plummer, “Foraminifera of the Midway Formation in Texas,” Univ. Texas 
Bull. 2644 (1926). 206 pp. 
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SABINE GROUP! 


Veatch,’ in 1906, gave a detailed description of the group, which is 
quoted here. 


Overlying the Midway limestones and calcareous clays is a series of dark 
finely laminated sands and clays containing much vegetable matter, either 
scattered through the mass or accumulated in lignite beds, and occasional 
layers containing marine shells. It commonly differs from the underlying Mid- 
way in the presence of lignitic material and fossil leaves and when containing 
marine fossils it is readily distinguished from both the Midway and the over- 
lving Claiborne. Toward the coast, where it is overlain by the very calcareous, 
argillaceous, fossiliferous, lower Claiborne beds, its upper limit can be fixed 
with exactness, but farther inland, where estuarine and swamp conditions 
persisted until Jackson time, no separation is possible except on a purely 
stratigraphic basis. 

On the whole, the formation is predominantly sandy, and while the sand 
beds are not so regular or so coarse as some of the beds in the Cretaceous, they 
are the most important water-bearing strata in Louisiana and Arkansas 
north of the outcrop of the Catahoula formation and south of the Eocene- 
Cretaceous boundary. 

In Alabama this formation, which has long been called the Lignitic, con- 
tains several fossiliferous horizons that are closely related from a paleonto- 
logic standpoint, but show faunal differences which have led to the recognition 
of four substages, named as follows, beginning with the lowest: (1) Nanafalia, 

2) Bells and Greggs landings (Tuscahoma), (3) Woods Bluff, and (4) Hatch- 
etigbee. The first two are sometimes collectively called the Bells Landing 
substage and the second two the Bashi substage. No distinctive marine fossils 
have yet been found in the lignitiferous time equivalents of this formation in 
Mississippi, Arkansas, and the upper embayment region, but along Sabine 
River in Louisiana and Texas, in the same position relative to the embayment 
as the Alabama deposits, are developed fossiliferous beds showing the same 
facies. Ostrea thirsae, an oyster common in the Nanafalia horizon in Alabama, 
occurs in abundance at Marthaville, La., and the fossils from Pendleton and 
Sabinetown bluffs on Sabine River, in Sabine County, Tex., show very close 
affinities to the Greggs Landing and Woods Bluff horizons of Alabama. These 
beds are limited above by a well-preserved and abundant lower Claiborne 
fauna, and below by the Midway (Wills Point) fossiliferous clays and lime- 
stones. 

The name Lignitic formation, derived from the lithologic character of the 
beds, is not in accordance with the rules of geologic nomenclature, and it is 
therefore necessary to give to this formation the name of some locality at or 
near which the beds are typically exposed. As the name Chickasaw formation 
or stage, which has been used by Dall as an exact synonym for Lignitic, is 
neither stratigraphically nor historically appropriate in this sense, and as the 


1 Originally used by A. C. Veatch, “The Underground Waters of Northern Louisi- 
ana and Southern Arkansas,” Louisiana Geol. Survey Bull. 1 (1905), pp. 84-85, to re- 
place the name “‘Lignitic.” 


2 A. C. Veatch, “Geology and Underground Water Resources of Northern Louisi- 
ana and Southern Arkansas,” U.S. Geol. Survey Prof. Paper 46 (1906), pp. 34-36. 
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name Lagrange (Safford, 1864) has been applied to the lignitiferous complex 
above the Midway, and as the doubtful definition and the lack of marine 
fossils at the type localities of the Mansfield group (Hilgard, 1873) and the 
Camden formation (Hill, 1888) make them unavailable, the name Sabine has 
been suggested and adopted, from the typical development of the formation 
along Sabine River in Sabine County, Tex., and Sabine Parish, La., and from 
noteworthy exposures at Sabinetown Bluff. 

The Sabine formation and its equivalent beds in the undifferentiated 
Eocene underlie the whole of Louisiana, except the limited areas occupied by 
the outcrops of the Cretaceous and Midway domes, and all of Arkansas south 
and east of the Cretaceous and Midway outcrops. Its thickness, as shown by 
carefully constructed sections in which local irregularities are reduced to their 
proper minor importance, ranges from 300 feet in northern Bossier Parish to 
from 800 to goo feet near Natchitoches and on Sabine River. 


During the past fifteen years, most writers, including the present 
one, have used the name ‘“Wilcox”’ when referring to sediments be- 
longing to this group. This name was apparently first used by Crider 
and Johnson! but appeared also in another paper by Crider? and is 
usually attributed to his authorship. From the former paper the 
following explanation of the origin of the term is taken. 


The term “‘Lignitic” as used by Hilgard has been objectionable because it 
is not a locality name. As used by Safford the term “‘La Grange” included the 
present Lafayette and portions of the Cretaceous so it has likewise been dis- 
carded. The present name, Wilcox, was first given in some unpublished work 
by Eugene A. Smith, State geologist of Alabama, for the reason that typical 
strata of the former Lignitic of Hilgard are exposed at Wilcox, Ala. The name 
has been adopted by the United States Geological Survey as the formation 
name to include the complex mass of sands, clays, lignites, marls, etc., be- 
tween the Porters Creek clay below and the Tallahatta buhrstone above. 


Both the paper by Crider and Johnson and that by Crider were 
published in 1906. It makes no difference which happened to come off 
the press first, for the foregoing explanation of the name Wilcox 
clearly shows that it is the intention of the authors to name the forma- 
tion for an exposure “‘at Wilcox, Alabama.” Later authors have stated 
that the group was named for Wilcox County, Alabama, but there is 
no mention of that county in either description, and it is clearly evident 
that Crider and Johnson had no such intention. The writer has searched 
the State Geologic Map of Alabama’ in vain to find any town or vil- 


1 A. F. Crider and L. C. Johnson, “Summary of the Underground Water Resources 
of Mississippi,” U. S. Geol. Survey Water-Supply Paper 159 (1906), p. 9. 


2 A. F. Crider, “Geology and Mineral Resources of Mississippi,” U. S. Geol. Survey 
Bull. 285 (1906), p. 25. 


3 “Geology of Alabama,” Alabama Geol. Survey Special Rept. 14, prepared in 
coéperation with the U. S. Geol. Survey, 1926. 
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lage by the name of ‘‘ Wilcox” within the area assigned on the map to 
the ““Wilcox group,” nor is it listed in the United States Official Postal 
Guide, 4th. ser., Vol. 12, No. 1, July, 1932. It is well to note at this 
point that the use of “Wilcox County” for a type locality or even a 
type section is not appropriate, for all four of the Alabama formations 
belonging to the group have their type sections in other counties. The 
Nanafalia formation is named for Nanafalia Landing, in Marengo 
County; the Tuscahoma sand is named for Tuscahoma Landing, Sec. 
31, T. 13 N., R. 1 W., Choctaw County; the Bashi formation is 
named for Bashi Creek, a tributary of Tombigbee River in northern 
Clarke County; and the Hatchetigbee formation is named for Hatch- 
etigbee Bluff on the Tombigbee River in Washington County.’ 


To show clearly that the name “Wilcox” is both inappropriate 
and lacks priority, the writer quotes the following comment from a 
paper by Harris,? the dean of Gulf Coast stratigraphers, which is 
certainly well taken and timely. 


Sabine Stage-——Now known as the Sabine stage from the river by that 
name separating Sabine County, Texas, and Sabine Parish, La., and showing 
good fossiliferous outcrops along its banks. Exception has been taken to the 
name Sabine since Penrose made use of the expression ‘‘Sabine River beds” to 
include certain horizons not included within the stage as now defined. This 
use of a descriptive expression can scarcely invalidate the clearly defined 
name proposed by Veatch and sanctioned by the proper authorities of the 
U. S. Geological Survey. The name Wilcox, since used by that bureau, lacks 
priority and is based on an obscure county name in Alabama, one that in no 
way carries the historical significance of Sabine, nor would it be found on 
general maps of the United States. 


The contention of some, which Harris refers to, that the name 
Sabine formation or Sabine group as clearly defined by Veatch is in- 
validated by the previous use by Penrose of the expression “Sabine 
River Beds” is found to be utterly ridiculous when the paper by Pen- 
rose in the First Annual Report of the Geological Survey of Texas is 
examined. In that paper, under the descriptive chapter heading “THE 
TIMBER BELT OR SABINE RIVER BEDS,” he proceeds to discuss the 
greater portion of East Texas which is covered by timber (pages 22- 
47). The writer quotes from his initial paragraph (p. 22) the following 
sentences which clearly show that Penrose was not in any way intend- 
ing to name a formation. 


1 The location of the type sections of these formations is taken from Alabama Geol. 
Survey Special Rept. 14 (1926). 


2 G. D. Harris, ““Pelecypoda of the St. Maurice and Claiborne Stages,” Bull. Amer. 
Paleont. Vol. 6 (1919), pp. 5-6. 
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The Basal Clays, everywhere from the northern part of the State to the 
Colorado River, blend upwards into the sandy Timber Belt Beds. These form 
the mass of the Tertiary formation in Texas, and underlie the great timber re- 
gion of the eastern part of the state. . . . These beds occupy an area over 125 
miles wide in the northeast part of the State, but thin down to less than 4o 
miles on the Colorado. 


In the following 25 pages of description, he frequently makes use 
of the descriptive expression ‘Timber Belt Beds,” but there is no at- 
tempt to give a type section and, aside from the title, the expression 
“Sabine River Beds” appears not one single time. 

While the points made by Harris are conclusive and clearly show 
that the name ‘“‘Wilcox”’ should be discarded, recent drilling opera- 
tions have demonstrated that the ‘Wilcox section” of Alabama repre- 
sents only the upper portion of the Sabine group present in Sabine 
County, Texas, and Sabine Parish, Louisiana. Moody' has recently 
shown the group to have a thickness of at least 3,000 feet along the 
line of the Angelina-Caldwell flexure where it crosses the Sabine 
River, and the writer? has shown that there are more than 1,300 feet 
of sediments attributable to this group below beds which carry Ostrea 
tasex Gardner, a characteristic fossil of the Indio formation, the basal 
member of this group in southwest Texas. Recent wells drilled near 
Marthaville, Louisiana, and in the Zwolle field, pass through a similar 
thickness of beds belonging to this group. Notice has already been 
taken of the abundant occurrence of Ostrea thirsae at Marthaville, the 
characteristic fossil of the Nanafalia formation, the basal member of 
the group in Alabama. We must therefore conclude that the Sabine 
group includes not only the Alabama formations, but at least 1,300 
feet of older beds, not represented in the Alabama section. 

In view of the completeness of the section presented by the Sabine 
group along Sabine River, the recent act of the United States Ge- 
ological Survey in extending the Indio formation of south Texas so as 
to include the entire exposure of this group on the Texas side of the 
Sabine uplift, as represented on the “Preliminary Edition of the 
Geologic Map of Texas,” 1932, is most unfortunate. It not only ig- 
nores the stratigraphic work of Veatch, Deussen, and other members 
of the Survey, the paleontologic work of Harris, Vaughan, and others, 
but extends the original content of the Indio so as to make it prac- 
tically synonymous with the Sabine group. It is therefore hoped that 


1C, L. Moody, “Tertiary History of Region of Sabine Uplift, Louisiana,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 15, No. 5 (May, 1931), pp. 531-51, maps. 


2H. V. Howe, “ ‘The Many Salt Dome,’ Sabine Parish, Louisiana,” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 9, No. 1 (January-February, 1925), p. 170. 
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the final edition of this map will not see the formational name Indio! 
used in this sense, for, as a group name, it lacks priority; its type sec- 
tion with a thickness not exceeding 700 feet is only sparingly fossilifer- 
ous and represents only a small part of the 3,000-foot Sabine section. 

The writer has thought it desirable to list by means of a footnote? 
some of the more important papers dealing with the paleontology and 
paleobotany of the Sabine group. 


CLAIBORNE GROUP 


Almost as many names have been applied to subdivisions of this 
group in Louisiana as to all the remainder of the Tertiary column com- 
bined. This situation is primarily due to the rapid change in the posi- 
tion of the shore line of the Claiborne sea in this portion of the Gulf 
Coast. In the matter of Claiborne formational nomenclature the writer 
is glad to endorse the excellent work of Moody,’ whose scholarly 
treatise on the Sabine uplift contains a particularly clear discussion. 
In Louisiana the Claiborne is divisible into four formations which 
will be discussed in order. 


CANE RIVER FORMATION 


The basal marine formation of the Claiborne group in Louisiana 


was first recognized to be paleontologically distinct by Vaughan.‘ It 


1 Named by A. C. Trowbridge, ““A Geologic Reconnaissance in the Gulf Coastal 
Plain of Texas Near the Rio Grande,” U.S. Geol. Survey Prof. Paper 131 (1923), pp. 
89-91. 


2 Foraminifera.—(1) J. A. Cushman and G. M. Ponton, “An Eocene Foraminiferal 
Fauna of Wilcox Age from Alabama,” Cont. Cush. Lab. Foram. Res., Vol. 8, Pt. 3, No. 
122 (1932), Pp. 51-72, pls. 7-9. 

Bryozoa.—(1) F. Canu and R. S. Bassler, U. S. Nat. Mus. Bull. 106 (1920). 

Corals.—(1) T. W. Vaughan, U.S. Geol. Survey, Monogr. 39 (1900). 

Mollusca.—(1) G. D. Harris, “The Lignitic Stage,” Pt. I, Bull. Amer. Paleont., 
No. 9 (1897), 102 pp.; Pt. II, Bull. Amer. Paleont., No. 11 (1899), 128 pp.; “The Cre- 
taceous and Lower Eocene Faunas of Louisiana,” Louisiana Geol. Survey Rept. 1899, 
Special Rept. No. 6, pp. 289-310. 

(2) J. A. Gardner, “New Species of Mollusca from the Eocene Deposits of South- 
western Texas,” U. S. Geol. Survey Prof. Paper 131 (1923), pp. 109-15, 5 pls.; “‘Fos- 
siliferous Marine Wilcox in Texas,” A mer. Jour. Sci., 5th ser., Vol. 7 (1924), pp. 141-45. 

Paleobotany.—(1) E. W. Berry, U. S. Geol. Survey Prof. Paper 91 (1916); Prof. 
Paper ~ (1919); Prof. Paper 131-A (1922); Prof. Paper 132-E (1924); Prof. Paper 
156 (1930). 

(2) A. C. Hollick, Louisiana Geol. Survey Rept. 1899, Special Rept. No. 5, pp. 
276-88. 


C. L. Moody, of. cit. 


‘ T. W. Vaughan, “The Eocene and Lower Oligocene Coral Faunas of the United 
States,” U. S. Geol. Survey Monogr. 39 (1900). 
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was later named by Spooner' the Cane River beds. His description is 
quoted as follows. 


In the Cane River are included the 75-150 feet of beds above the Wilcox 
(Sabine) formation and below the massive Sparta sand. The name Cane 
River, from the excellent exposures on Cane River at Natchitoches, Louisi- 
ana, was suggested by H. V. Howe. 

These beds outcrop in a narrow belt trending northeast across southern 
Sabine and Natchitoches parishes. A few miles east of Red River the strike 
changes to northwest, and continues in that direction to the Arkansas line. 
The width of the outcrop is 3-7 miles. 

An erosional unconformity separates the Cane River and Wilcox (Sabine) 
beds. The basal member consists of glauconitic sand and sandy clay, but in 
some places marine tuff is present at the base. Glauconitic clays predominate 
in the southern portion of the outcrop, but northward from Bienville Parish 
they become sandier, until, in northern Bossier Parish they are represented 
entirely by sands, in part glauconitic, and containing a meager representation 
of the prolific fauna found farther south. .. . 

The Cane River beds, as shown in records of wells drilled east and south- 
east of the outcrop, are made up chiefly of glauconitic clays with subordinate 
beds of sand. The thickness increases slightly in the eastern and southeastern 
parts of the salt-dome region. 


In a subsequent paper, Shearer? subdivided the Cane River for- 
mation into two members, the Cane River clay above and Cane River 
marl below. These members he described as follows. 


The top of the upper member is sandy shale, which grades downward into 
smooth, plastic, slightly calcareous clay-shale. This material is characterized 
by its dark chocolate-brown color, generally specked and streaked with light 
green. It is all marine, and Foraminifera are plentiful. 

The lower member consists of fossiliferous, sandy, highly glauconitic 
marl or soft limestone. It is commonly logged as “salt and pepper sand’’ be- 
cause of the appearance of the white limestone with grains of dark glauconite. 


He gives the thickness of the Cane River in Catahoula Parish as 
333 feet in The Texas Company’s Tensas Delta No. B-1 in the north- 
western part of the parish, and shows the formation thickening to- 
ward the southeast to more than 500 feet. 

In the region of the Richland gas field, Gordon® indicates that the 
thickness of the Cane River varies from 215 feet to 360 feet. 

The term Mount Selman has been used as a sub-group name by 


1 W. C. Spooner, “Interior Salt Domes of Louisiana,’ Bull. Amer. Assoc. Petrol. 
Geol., Vol. 10, No. 3 (March, 1926), pp. 235-36. 


2 H. K. Shearer, op. cit., p. 441. 
3 D. Gordon, op. cit., p. 943. 
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Wendlandt and Knebel! for the Claiborne beds of East Texas which 
are older than the Sparta sand. This group they divided in descending 
order into the Weches, Queen City, Reklaw, and Carrizo? formations. 

In a companion paper, Miss Ellisor* restricts the term Cane 
River to the glauconitic, sandy marl and a glauconitic, clayey sand 
which appear to correspond to the Cane River marl of Shearer,‘ and 
uses the name Reklaw for the upper portion of the Cane River which 
Shearer called the Cane River clay. In the later papers by Moody‘ and 
Gordon*® these subdivisions of the Cane River have not been adopted 
for Louisiana.” 


SPARTA SAND 


The name “Sparta sand”’ was first used by Vaughan.’ It was re- 
described by Spooner;* limited by the Cane River formation below 
and by the beds designated in the present report as the Cook Moun- 
tain formation above. Spooner’s description is quoted. 


The Sparta sand, owing to the steep dips along the Angelina-Caldwell 
flexure, outcrops in a narrow belt from Sabine River to the northern end of 
Saline Lake. From this point northward to the vicinity of Minden it has a 
width of 10-15 miles. 

The lower half of the Sparta sand is made up chiefly of massive sand with 
interbedded subordinate members of laminated sandy clay. The massive 
sands are made up of quartz grains somewhat coarser than found in the Wil- 
cox formation. The upper half contains a relatively greater amount of clay 
than the lower half. Massive sands alternate with beds of finely laminated 
sandy clay, in part lignitic and in many places containing fossil leaves. The 
upper 50 feet of beds contain a considerable amount of lignitic material and 
some thin beds which are particularly well exposed in the vicinity of the town 


1 E. A. Wendlandt and M. Knebel, ‘Lower Claiborne of East Texas with special 
Reference to Mount Sylvan Dome and Salt Movements,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 13, No. 10 (October, 1929), PP. 1347-75- 


? The type section of the Carrizo was described by J. Owen, Texas Geol. and Min. 
Surv. First Rept. Progress (1888), pp. 70-74, from Carrizo Springs in Dimmit County, 
Texas. For a lengthy review of the literature dealing with the correlation of the Carrizo, 
see: A. C. Trowbridge, U. S. Geol. Survey Bull. 837 (1932), pp. 52-65. In this paper the 
Carrizo is placed in the Wilcox (Sabine) below the Bigford formation, which in turn 
carries a flora reported by Berry (ibid. p. 71-72) to be Wilcox (Sabine) and distinctly 
older than Mt. Selman. 


3 A.C. Ellisor, “Correlation of the Claiborne of East Texas with the Claiborne of 
Louisiana,” Bull. Amer. Assoc. Petrol. Geol., Vol. 13, No. 10 (October, 1929), pp. 
1335-46. 


H. K. Shearer, of. cit., p. 441. 
* C. L. Moody, op. cit. 
D. Gordon, of. cit. 


_ *T, W. Vaughan, “A Brief Contribution to the Geology and Paleontology of 
Northwestern Louisiana,” U.S. Geol. Survey Bull. 142 (1896), p. 25. 


8 W. C. Spooner, of. cit., p. 236. 
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of Bienville. The beds are commonly light colored, but, depending upon the 
amount of iron and carbonaceous matter, red- and brown-colored beds occur. 
Fossils are generally absent from the Sparta sand, but a few species of near- 
shore forms are found near the middle of the formation. The Sparta sand has 
a thickness of 400-500 feet, with the greater thickness in the northern part of 
the salt-dome region. 


The Sparta sand was mapped across East Texas by Wendlandt 
and Knebel,' and Miss Ellisor® has given several sections from Lou- 
isiana into Texas which show the formation to be thinning toward the 
west. However, Shearer*® has shown that the formation thickens down 
dip southeast from the outcrop and reaches a thickness of 600 feet 
in wells drilled in Catahoula Parish, and farther north Gordon‘ records 
a thickness in the region of the Richland gas field which ranges from 
460 feet to 600 feet, averaging 575 feet in the producing field. 


COOK MOUNTAIN FORMATION? 


The name Cook Mountain has been in use for the past 40 years to 
indicate the marine beds of the Claiborne lying above the Sparta sand 
and below the Cockfield (formerly called Yegua in Texas). It was 
used in this sense for Louisiana by Moody‘ and the present writer 
agrees with this use. The name St. Maurice which Spooner’ restricted 
to these beds had originally been used by Harris* to include all of the 


Claiborne below the Cockfield. It was of later origin than the well 
established name Cook Mountain and hence should be discarded. 
Spooner’s description of these beds is quoted, with the name Cook 
Mountain substituted for St. Maurice, and the name Cockfield sub- 
stituted for Yegua. 


The (Cook Mountain) beds, like the Cane River and Sparta sand, out- 
crop in a narrow belt across Sabine, Natchitoches, and Winn parishes. The 
outcrop gradually increases in width from Winnfield northward to Ruston on 
the Vicksburg, Shreveport & Pacific Railroad. The area north of the railroad, 
to the vicinity of the Arkansas line and eastward to the Ouachita River valley, 


' E. A. Wendlandt and M. Knebel, of. cit. 
2 A. C. Ellisor, op. cit. 

3-H. K. Shearer, op. cit., p. 441. 

* D. Gordon, op. cit., p. 943. 


5 Named by William Kennedy, “A Section from Terrell, Kaufman County, to 
Sabine Pass on the Gulf of Mexico,’ Texas Geol. Survey 3rd Ann. Rept. 1891 (1892), 
pp. 54-57, after Cook Mountain, in Houston County. 


* C. L. Moody, op. cit., p. 537. 
7 W. C. Spooner, op. cit., p. 237. 


8G. D. Harris, “The St. Maurice and Claiborne Stages,” Bull. Amer. Paleont., 
Vol. 6, No. 31 (1919). 
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is chiefly (Cook Mountain), although many remnants of the (Cockfield) for- 
mation are present. This portion of northern Louisiana has not been mapped 
in enough detail to show the distribution of the (Cook Mountain) and (Cock- 
field) formations. 

The (Cook Mountain) is made up of alternating beds of sands and clays. 
The sands predominate; they commonly range in color from light gray to red, 
but in some places are brown, owing to the carbonaceous matter they contain. 
in structure they are massive, cross-bedded, and laminated. They contain 
considerably more ferruginous sandstone than is present in the underlying 
Sparta sands. The clays are gray, green, red, and brown in color, depending 
upon the iron, glauconite, or carbonaceous content of the individual beds. 
The glauconitic beds are usually massive, but the sandier clays and the lig- 
nitic clays are often laminated. The basal and the upper beds are fossiliferous, 
and at least one other fossiliferous horizon occurs between the two horizons 
mentioned. The more perfect fossil shells and corals are found in the glau- 
conitic clays and sands, but an abundance of fossil casts occur in the ferru- 
ginous concretions and in the thin ferruginous sandstone beds. The thickness 
of the (Cook Mountain) beds ranges from 100 to 150 feet. 


The name ‘“‘Minden”’ was suggested by the present writer during 
a course of lectures which he was giving in Shreveport a few years ago 
under the sponsorship of the Shreveport Geological Society. At that 
time it was not known just how the Cook Mountain of Texas fitted 
into the Louisiana section. As a result the name came into fairly com- 
mon use by petroleum geologists and has crept into the literature 
several times without ever having been formally described. It was 
mentioned in parentheses by Campbell and Miller' and has been at- 
tributed to them by later authors. Portions of the writer’s office map 
of the geology of Louisiana, on which the name Minden appeared, 
were copied by Whittemore? without the writer’s knowledge during 
his absence on summer vacation. Acknowledgment was given in the 
later two publications, but the writer never sanctioned the placing of 
this name in print. This name has recently spread into the Mississippi 
literature in a paper by Monroe’ on the Jackson gas field. 

Another name for this formation which has appeared in recent 
years is ‘Mount Lebanon.” Shearer,‘ who first used the name Mount 
Lebanon, suggested at the time that Cook Mountain was the proper 


' I, Campbell and A. D. Miller, ‘“‘Nepheline Basalt in Richland Parish Gas Field, 
Louisiana,” Bull. Amer. Assoc. Petrol. Geol., Vol. 12, No. 10 (October, 1928), p. 990. 


2 |. W. Whittemore, ‘The Clays of Louisiana (Shreveport Area),” Louisiana State 
Dett. Conservation, Bull, 14 (1927), p. 9. 

“The Clays of Louisiana (Monroe-Ruston Area),” ibid., Bull. 16 (1928), p. 8. 

“The Clays of Louisiana (Alexandria Area),” ibid., Bull. 19 (1929), p. 6. 


_ *W.H,. Monroe, “The Jackson Gas Field, Hinds and Rankin Counties, Missis- 
sippi,”” U. S. Geol. Survey Bull. 831 (1932), p. 5. 


* H. K. Shearer, op. cit., pp. 439-40. 
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name if subsequent work indicated that the exposure at Cook Moun- 
tain proved to be definitely on the same formation. 

The only attempt to subdivide the Cook Mountain appeared in a 
paper by Miss Ellisor.' She divided the formation into three members 
in descending order, named: Saline Bayou,” Milams,* and Crockett. 
She indicated that the ‘“‘Minden” locality corresponded to the Crock- 
ett in stratigraphic position.® 

The names “Upper” and “Lower Saline Bayou formations” ap- 
peared in a paper® attributed to the Humble Oil and Refining Com- 
pany’s geological department in 1931. The names suggest that these 
are two formations having their type localities on Saline Bayou. How- 
ever, no mention was made of their cropping out in Louisiana, and 
the statement is made that they 


are not known on the surface in Texas except on its eastern edge, but in deep 
wells on the coast they consist of brown fossiliferous clays with some sands. 


The thickness of these “formations” in the Humble field is given as 
“‘Upper Saline Bayou”’: 972 feet; ‘““Lower Saline Bayou”: 537 feet 
(plus). Inasmuch as these “formations” are not described with a type 
section ascribed to each, and as no discussion is given as to their re- 
lationship to the type section of the former ‘‘Saline Bayou member,” 
the present writer feels that they should not be made a further part 
of Louisiana stratigraphic nomenclature. 


COCKFIELD FORMATION’ 


Vaughan’s original definition of this formation is quoted as fol- 
lows. 


1A. C, Ellisor, op. cit., p. 1339. 


2 The type locality is the same spot as that of the St. Maurice of Harris, namely the 
bank of Saline Bayou, immediately north of the railroad station of St. Maurice, Winn 
Parish, Louisiana. 


3 “The type locality of the Milams is in the northeast quarter of Sec. 17, T. 13, R. 
3 W., Winn Parish, Louisiana.” 


4 The type locality of the Crockett is “in the vicinity of Crockett, Houston County, 
Texas.” 


5 Op. cit., p. 1341. 


6 “The Geology of the Gulf Coast Area of Texas and Louisiana,” Nat. Oil Scouts 
Assoc. Year Book 1931, pp. 43, 45. 


7 Originally named Cocksfield Ferry beds by T. W. Vaughan, Amer. Geol., Vol. 15 
(1895), p. 220. Concerning the original spelling of the name, A. C. Veatch, Louisiana 
Geol. Survey Bull. 4 (1905), p. 32, states: “This name was spelled by Vaughan 
‘Cocksfield Ferry.’ The maps of the Red River Survey (M.S. sheet No. 37, Red River 
Survey, U. S. Eng’rs., 1889-1890, scale 1: 10,000) gave two plantations at the point 
belonging to ‘A. P. Cockfield’ and ‘W. J. Cockfield.’ The ferry name should naturally 
be spelled in the same way as the name of the owners. The section at ‘Cocksfield Ferry,’ 
published by Vaughan .. . is really a section of Petite Ecore, or, as it has been im- 
properly anglicized, ‘Petite Ecore Bluff.’” 
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Conformably above the fossiliferous Lower Claiborne at St. Maurice... 
are laminated non-fossiliferous clays or laminated sand and clay, dipping 
slightly south. These beds present different lithological phases, sometimes 
containing more clay and little or no sand. 

The same beds are well exposed at Cocksfield Ferry, about halfway be- 
tween St. Maurice and Montgomery. ... 

At Montgomery, immediately below the Jackson, beds lithologically like 
those found in the upper part of the St. Maurice section and like those at 
Cocksfield Ferry are found. 

For these beds between St. Maurice and Montgomery, coming between 
the Lower Claiborne and the Jackson, I propose the local name of Cocksfield 
Ferry beds. 


The Cockfield has been redescribed by a number of subsequent 
workers. Spooner used the name Yegua for this formation, but his 
limits were the same as for Vaughan’s. By substituting the name 
Cockfield for Yegua, Spooner’ says: 

The (Cockfield) formation outcrops in a narrow belt across southern 
Sabine Parish. Beginning in the southeast corner of Winn Parish, the outcrop 
gradually increases in width to the east and north. In the vicinity of Winnfield 
the strike changes to north, and these beds are exposed in a wide belt as far 
as the Vicksburg, Shreveport & Pacific Railroad. Their eastern extension is 
limited by the Ouachita River valley. 

The (Cockfield) formation is predominantly sandy; massive light-colored 
sands alternate with laminated and thin-bedded sandy clays and lignitic clay. 
The beds are generally light colored, but often red and brown. The maximum 
thickness of the Cockfield does not exceed 500 feet. Fossil leaves are present 
in the lignitic clays in many places, but marine fossils are not found in the 
formation. 


In discussing the Cockfield of Catahoula Parish, Shearer* states: 


The top of the Cockfield, or contact with the Jackson, is generally well 
marked by a change from greenish shale to gray or lignitic sand and shale. . . . 

The lower contact of the Cockfield is obscure, because of gradation down- 
ward into the Mount Lebanon (Cook Mountain) formation. 


Miss Ellisor® also adds: 


Seaward from the outcrop the Cockfield member becomes marine in 
character. 


PALEONTOLOGY OF CLAIBORNE GROUP 
Numerous monographs have appeared during the past hundred 


years dealing with the paleontology of the Claiborne group. The fa- 
mous Gosport sand locality at Claiborne Bluff in Alabama has, how- 


!W. C. Spooner, op. cit., p. 238. 
> H. K. Shearer, of. cit., p. 438. 
3 A.C. Ellisor, op. cil., p. 1339. 
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ever, supplied the greater number of the fossils. The exact strati- 
graphic position of many species described from localities in the 
Claiborne older than the Gosport sand has not been given in connec- 
tion with all descriptions. As a means of aiding stratigraphers working 
in Louisiana the following extensive papers describing Claiborne fos- 
sils are listed: 


1. Isaac Lea, “Contributions to Geology (Tertiary of Alabama)” (Phila., 1833). 
227 pp. Gives pictures and descriptions of over 200 fossils from Claiborne Bluff, Ala- 
bama. 

2. T. A. Conrad, ‘Fossil Shells of the Tertiary Formations of North America 

. 2” (Phila., 1832-1835); republished by G. D. Harris (Washington, 1893). Describes 
and figures a very large number of Claiborne fossil mollusca. 

3. Antoine de Gregorio, “Monographie de la faune éocénique de |’Alabama.” 
An. G. Paleont. 7-8 (1890). 346 pp., 46 pls. This describes and figures over 600 species 
of fossils, mostly from the Claiborne sand. 

4. M. Cossman, “Notes complementaires sur le faune éocénique de |’Alabama,” 
An. G. Paleont., 12 (1893). 52 pp. A revision of de Gregorio’s work with additions. 

5. G. D. Harris, “‘Pelecypoda of the St. Maurice and Claiborne Stages,” Bull. 
Amer. Paleont., Vol. 6 (1919). 268 pp., 59 pls. The most important paper describing the 
fossil clams of the Claiborne of Louisiana. Divides what is now referred to the Claiborne 
group into two groups or “Stages”; restricting the Claiborne “Stage” to the “upper 
Claiborne’—Gosport sand, Cockfield, ‘“Yegua’”’ equivalents, and calling the portion 
of the Claiborne which he previously had designated “lower Claiborne’”’ the St. Maurice 
stage. This “Stage” included the formations of the Claiborne group discussed in this 
report that lie below the Cockfield formation. 

6. T. W. Vaughan, “The Eocene and Lower Oligocene Coral Faunas of the United 
States,” U.S. Geol. Survey Monogr. 39 (1900). 263 pp. Describes many fossil corals 
from the Claiborne group of Louisiana. 

7. Clark and Twitchell, op. cit. Principal reference for Claiborne Echinodermata. 

8. F. Canu and R. S. Bassler, ‘ ‘North American Early Tertiary Bryozoa,” U. S. 
Nat. Mus. Bull. 106 (1920). 879 pp., 279 figs., 162 pls. A monumental treatise which, 
while not describing Bryozoa from Louisiana Claiborne localities, contains the pictures 
and descriptions of many species which are common in the Louisiana formations. 

g. There are no monographic papers on Claiborne foraminifera. However, micro- 
paleontologists may obtain assistance from papers by Cushman and Thomas in Jour. 
Paleont., Vol. 3, No. 2, pp. 176-184; and Vol. 4, No. 1, pp. 33-41; and from a paper by 
Weinzierl and Applin, "also in Jour. Paleont., Vol. 3, No. 4, Pp. 384-410. 

10. E. W. Berry, “The Middle and Upper Eocene Floras of Southeastern North 
America,” U.S. Geol. Survey Prof. Paper 92 (1924). While the stratigraphic terminology 
used in this comprehensive paper is no longer customary and is likely to be confusing, 
it contains the pictures and descriptions of two fossil plants from 13 miles N.E. of 
Bienville in Bienville Parish—a spot which lies in the area of the Sparta sand, and also 
the pictures and descriptions of a large number of fossil plants from Columbia, in 
Caldwell Parish—a spot which lies in the outcrop of the Cockfield. 


JACKSON GROUP! 


The writer has recently been studying the stratigraphy of the 
Jackson group and his examination of a literature comprising several 
hundred titles dealing with the group has disclosed that more than 75 
names have been applied to it, or to subdivisions of it. The Louisiana 
literature, however, is fortunately not complicated by the introduc- 


' Originally described and named for Jackson, Mississippi, by T. A. Conrad, “Ob- 
servations on the Eocene Deposit of Jackson, Miss., with Descriptions of ‘Thirty- Four 
New Species of Shells and Corals,” Proc. Acad. Nat. Sci. Phila., Vol. 7 (1855), pp. 
257-63. 
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tion of many of these terms; in fact only the name Fayette’ has ap- 
peared as a formational subdivision. It has not been used by subse- 
quent authors. 

The Jackson group of Louisiana has been briefly described during 
the past 40 years in papers by Vaughan,”* Harris and Veatch,* Har- 
ris,5 Shearer,® and Howe and Wallace."® 

From the latter publication the following description is quoted. 


The Jackson is the most fossiliferous formation exposed at the surface in 
Louisiana. ...it was demonstrated by Veatch thirty years ago that the 
bluffs on the western bank of the Ouachita River in Louisiana afforded by far 
the best known section of the formation. These exposures are among the most 
prolific upper Eocene fossil collecting localities in the world, and it was by 
means of fossils collected from these bluffs that the Eocene was first definitely 
recognized in Louisiana some 98 years ago. These bluffs have also furnished 
the type specimens of “Basilosaurus” or Zeuglodon cetoides, a remarkable 
whale-like cetacean that inhabited the upper Eocene waters of the Gulf- 
coastal region, as well as the type specimens of several other noted fossils. . . . 

The Jackson formation is known to extend along the Ouachita River from 
Stock Landing in Caldwell Parish to Carter Landing in Catahoula Parish. .. . 

From its exposures along the western bank of the Ouachita, the Jackson 
extends southwest as a narrow band across portions of Caldwell, Catahoula, 
LaSalle, Winn and Grant Parishes to the region of Montgomery on the Red 
River and thence crosses Natchitoches Parish to the region lying north of 
Bayou Toro in Sabine Parish... . 


1 Introduced into Louisiana stratigraphic terminology to designate the sands at 
the top of the Jackson in the region west of the Red River by G. C. Matson, “‘The 
Catahoula Sandstone,” U.S. Geol. Survey Prof. Paper 98 (1916), p. 224. 


2T. W. Vaughan, “The Stratigraphy of Northwestern Louisiana,” Amer. Geol. 
Vol. 15 (1895), pp. 221-23. 

3 Idem, ‘Geology and Paleontology of Northwestern Louisiana,’ U. S. Geol- 
Survey Bull. 142 (1896), pp. 22-24 (also contains lists of Claiborne and Jackson fossils 
and describes a number of species from the Jackson of Louisiana). 


4 G. D. Harris and A. C. Veatch, “A Preliminary Report on the Geology of Louisi- 
ana,” Louisiana Geol. Survey Rept. (1899), pp. 89-93. 


5G. D. Harris, “The Geology of the Mississippi Embayment with Special Refer- 
ence to the State of Louisiana,” Louisiana Geol. Survey Rept. (1902), pp. 22-25. 


6 A. C. Veatch, “The Geography and Geology of the Sabine River,” Louisiana 
Geol. Survey Rept. (1902), pp. 131-32. 


7 Idem, “Notes on the Geology along the Ouachita,” Louisiana Geol. Survey 
Rept. (1902), pp. 164-67. 


8 Idem, “The Underground Waters of Northern Louisiana and Southern Arkan- 
sas,” U.S. Geol. Survey Prof. Paper 46 (1906), p. 39; “Geology and Underground Wa- 
ter Resources of Northern Louisiana with Notes on Adjoining Districts,” Louisiana 
Geol. Survey Rept., 1905, Bull. 4 (1906), pp. 35-36. 

__ °H. K. Shearer, “Geology of Catahoula Parish,” Bull. Amer. Assoc. Petrol. Geol. 
Vol. 14, No. 4 (April, 1930), pp. 438-39. 
‘0 H. V. Howe and W. E. Wallace, “Foraminifera of the Jackson Eocene at Danville 


Landing on the Ouachita, Catahoula Parish, Louisiana,’ Louisiana Dept. Conserv. 
Geol. Bull. No. 2 (1932), pp. 7-17. 


| 
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For the significant region of Catahoula Parish, Shearer’ has the 
following to say of the Jackson. 

The Jackson formation, after allowance is made for the probable thick- 
ness of similar Vicksburg beds at the top, ranges from 525 to 575 feet in thick- 
ness in all wells in Catahoula Parish. There is no great thickening in any 
direction within this area, but on the southwest, in Estabrook and Rogers’ 
State No. 1, Sec. 33, T. 6 N., R. 3 E., Rapides Parish, where the Vicksburg is 
thin or absent, 668 feet of beds are referred to the Jackson formation. 

The Jackson consists almost entirely of green clay-shale, more or less 
calcareous and fossiliferous. In the lower part there are some thin beds or 
lenses of sand, one of which, about 230 feet above the base of the formation, 
has produced a few barrels of oil at White Sulphur Springs, LaSalle Par- 


The complicated zonal nomenclature, based on micropaleontology, 
which has appeared in Texas Jackson literature has scarcely been re- 
ferred to in papers dealing with the Jackson of Louisiana and will not 
be entered into in this discussion. However, for the benefit of those 
stratigraphers not intimately acquainted with the kaleidoscopic 
changes which have taken place in foraminiferal generic nomencla- 
ture, the writer calls attention to the fact that Discorbis jacksonensis 
var. fexana for which Cushman and Applin? named their “‘Discordis 
zone” has recently been placed by Cushman and Ellisor® in the genus 
Anomalina. Hence the name, if retained, would become ‘‘Anomalina 
jacksonensis var. texana”’ zone. 

At this point it should be noted that the United States Geological 
Survey, on their preliminary edition of the Geologic Map of Texas 
(1932), have shown the entire Jackson outcrop under the name “‘Fay- 
ette sandstone,” and have brought this “formation” to the Texas- 
Louisiana line. This mapping of the Jackson outcrop under the cer- 
tainly questionable term “‘Fayette sandstone’”™ not only is damaging 
to the name Jackson, one of the best defined groups of the Tertiary, 
but overlooks the work of Dumble, Deussen, Veatch, and others who 
have shown the Jackson of east Texas to consist in large part of ma- 
rine clays, and obscures a great deal of interesting geologic history. It 


1H. K. Shearer, op. cit., p. 438. 


2 J. A. Cushman and E. R. Applin, Bull. Amer. Assoc. Petrol. Geol., Vol. 10, No. 2 
(February, 1926), pp. 157-58. 

3 J. A. Cushman and A. E. Ellisor, “Some New Tertiary Foraminifera from Texas,” 
Cont. Cush. Lab. Foram. Res., Vol. 7, Pt. 3, No. 107 (1931), p. 58. 


4 Originally used by R. A. F. Penrose, Jr., Texas Geol. Survey First Ann. Rept. (1890), 
p. 47, “‘as a name for all the Tertiary beds on the Brazos and Colorado rivers and the 
Rio Grande lying stratigraphically above the ‘Marine beds’ (now known as Cook 
Mountain formation).” For history of nomenclature of Fayette, see A. C. Trowbridge, 
U. S. Geol. Survey Bull. 837 (1932), pp. 141-42. 
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is ardently to be hoped that on the final edition of this map the “Fay- 
ette sandstone,” which has heretofore been used as a formation name, 
will not be used as a substitute for the Jackson group. 

Few references have been made to the Jackson in the region south 
of its outcrop, and these mostly in the salt-dome literature. In the 
paper attributed to the Humble Oil and Refining Company’s geolog- 
ical department! it was observed that: 

Until a few years ago, what is now termed Lower Oligocene (meaning 
Vicksburg) was referred to as the upper part of the Jackson. Hence in many 
older (meaning before 1931) paleontological reports the term Jackson may 
refer to Lower Oligocene beds. Also, care should be taken to avoid confusing 
the present known Lower Oligocene (Vicksburg) with the Marginulina or 


lowest zone, of the Middle Oligocene, to which, a few years ago, paleontolo- 
gists referred as the Lower Oligocene. 


It is, however, well known that the Jackson thickens rapidly from its 
outcrop gulfward in Texas and it is only reasonable to assume a similar 
condition to exist in Louisiana. From the foregoing, it should not be 
concluded that the Jackson does not occur on the coastal domes 
within present drilling reach. Despite the fact that Jackson has not 
been reported from the Anse la Butte dome in previous literature,’ 
the writer possesses a core from one of the wells belonging to the 
Ayers Brothers (depth 1500 feet) which contains abundant specimens 
of Discorbis hemisphaerica and Discorbis globulospinosa, species which 
the writer has used for a number of years as markers of the lower 
portion of the Jackson. The latter species has just been described in a 
paper by Cushman? entitled “New Foraminifera from the Upper 
Jackson Eocene of the Southeastern Coastal Plain Region of the 
United States.” His specimen came from Jackson, Mississippi, and 
the species occurs there in great abundance in the typical Moody’s 
Branch marl—which is the formation lying at the base of the type sec- 
tion of the Jackson group. Both of these species occur in abundance 
at Gibson Landing on the Ouachita, Louisiana, in a similar strati- 
graphic position. 

For the benefit of stratigraphers desiring to use Jackson fossils, the 
following papers are enumerated. 


1“The Geology of the Gulf Coast Area of Texas and Louisiana,”’ Nat. Oil Scouts 
Assoc. Year Book 1931, p. 42. 


2D. C. Barton, ‘Petroleum Potentialities of Gulf Coast Petroleum Province of 
Texas and Louisiana,” Bull. Amer. Assoc. Petrol. Geol., Vol. 14, No. 11 (November, 
1930), p. 1387. 


Nat. Oil Scouts Assoc. 1931 Year Book, pp. 45-47. 


4 J. A. Cushman, Cont. Cush. Lab. Foram. Res., Vol. 9, Pt. 1, No. 127 (1933), P- 15, 
pl. 2, figs. sa-c. 
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Foraminifera 

1. J. A. Cushman and E. R. Applin, Bull. Amer. Assoc Petrol. Geol., Vol. 10, No. 2 
(February, 1926), pp. 154-89. 

2. Papers appearing in Cont. Cush. Lab. Foram. Res., Vol. 1, Pt. 3 (1925), Pp. 
65-70; Vol. 2, No. 2 (1926), pp. 29-38; Vol. 4, Pt. 3 (1928), pp. 73-79; Vol. 7, P 
(1930), pp. 51-59; Vol. 8, Pt. 2 (1932), pp. 40-42; Vol. 9, Pt. 1 (1933), pp. 1-21. 

H. V. Howe and W. E. W allace, Louisiana Dept. Conserv. Geol. Bull. No. 2 
(1932). 118 pp., 15 pls. 

Bryozoa 

1. F. Canu and R. S. Bassler, ““North American Early Tertiary Bryozoa,” U. S. 
Nat. Mus. Bull. 106 (1920). 879 pp., 279 figs., 162 pls. This tremendous document de- 
scribes 432 species of fossil bryozoa from the Jackson of the Gulf Coast. Of these 346 
are confined to the Jackson; 19 extend from the Claiborne into the Jackson; 44 extend 
from the Jackson into the Vicksburg; and 3 extend from the Claiborne through the 
Jackson into the Vicksburg. This paper can be of great use to stratigraphers in defi- 
nitely placing the position in the Jackson of many noted fossil localities. None of the 
bryozoa are described from Louisiana localities. Bryozoa are, however, relatively com- 
mon in the Louisiana Jackson, and this paper should be very helpful in accurately 
placing the stratigraphic position of the localities at which they occur. 

Corals 

1. T. W. Vaughan, U.S. Geol. Survey Monogr. 39 (1900). 

Echinodermata 

1. W. B. Clark and M. W. Twitchell, U. S. Geol. Survey Monogr. 54 (1915). 

Mollusca 

Descriptions scattered through too many small papers to enumerate. The most 
important is by T. A. Conrad, Acad. Nat. Sci. Phila. Proc., Vol. 7 (1855), pp. 257-263; 
illustrated in B. L. C. Wailes, “Report on the Agriculture and Geology of Mississippi” 
(Jackson, Miss., 1854). 371 pp. 

Plants 

1. E. W. Berry, “The Middle and Upper Eocene Floras of Southeastern North 
America,” U.S. Geol. Survey Prof. Paper 92 (1924). Lists fossil plants from 5 localities 
referred to the Jackson in Louisiana, several of which lie in the Catahoula outcrop. 

2. O. M. Ball, ‘A Contribution to the Paleontology of the Eocene of Texas,” Texas 

x M. Coll. Bull., Ser. 4, Vol. 2, No. 5 (1931). 173 pp., 48 pls. In this paper Ball 
pode Fn the type locality of the Catahoula and refers species of punts described from 
there by Berry to the “Jackson formation.” 


OLIGOCENE PERIOD 
VICKSBURG GROUP! 


The small outcrop of the Vicksburg group in the northwestern part 
of Catahoula Parish attracted a good deal of attention in the early 
geologic literature of Louisiana.? The following description of Vicks- 
burg distribution in Louisiana is taken from Harris.* 


1 Named for Vicksburg, Mississippi, by T. A. Conrad, Proc. Phila. Acad. Nat. Sci., 
Vol. 3 (1846), pp. 280-81. For an historical discussion of the term “Vicksburg” 

C. W. Cooke, U. S. Geol. Survey Prof. Paper 129 (1922), pp. 79-85; and for an analysis 
of the correlation of the formations belonging to the Vicksburg group see C. W. Cooke, 
Jour. Wash. Acad. Sci., Vol. 8 (1918), pp. 186-98. 

2 E. W. Hilgard, Amer. Jour. Sci. (2), Vol. 48 (1869), pp. 339-40; “Supplemental 
and Final Report of a Geological Reconnaissance of Louisiana ..., New Orleans, 
1873,” p. 33; Amer. Jour. Sci. (3), Vol. 30 (1885), p. 260. 

T. W. Vaughan, Amer. Geol., Vol. 15 (1895), p. 223; U. S. Geol. Survey Bull. 142 
(1896), pp. 22-24, 52. 

G. D. Harris and A. C. Veatch, Louisiana Geol. Survey Rept. 1899, pp. 93-94- 


3G. D. Harris, Louisiana Geol. Survey Rept. 1902, pp. 26-27. 
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The Vicksburg beds of Louisiana are confined to the region about Rose- 
field P.O., or more definitely, from a point about 3 mile west of Enterprise 
P.O. on the Ouachita, to perhaps 5 miles southwest of Rosefield. Just south 
of Rosefield the hills are capped by Grand Gulf (Catahoula) material, but the 
steep and deep valleys on all sides show Vicksburg marls, limestone boulders, 
and often Vicksburg fossils. Some locations have been already specified in our 
Report of 1899. Heretofore, however, the Vicksburg fossils of Louisiana have 
come apparently from one and the same horizon. Bluish or yellowish marls, 
with light colored limestone boulders of various size usually indicate the pro- 
pinquity of good collecting grounds. Now we are able to state that there are 
at least two fossil-bearing horizons between 40 and 50 feet apart. They are 
both seen in the vicinity of Sone’s store southeast of Rosefield P.O. In a hol- 
low south of his house about 4 mile, there is a seam of bluish clay literally 
packed with small bivalve shells of one species, viz: Corbula alta Con. The 
usual Vicksburg fossiliferous bed is seen a few yards southeast of the same 
house, in narrow, deep, storm-carved channels. In several places hereabouts 
a seam of “‘coal’”’ is found, occupying a stratigraphic position about equivalent 
to the Corbula bed, though presumably just a little below it as is seen below 
in the Vicksburg section. To the southwest of Rosefield, some four or five 
miles, fossils are reported in the deep ravines that occur just below the Grand 
Gulf sandstone horizon. 


A recently constructed logging road which passes by the post- 
office of Rosefield has afforded a number of cuts which greatly facili- 
tate the study of the Vicksburg section. Harris was correct in noting 
the presence of two fossil zones. The upper zone, some 20 feet in 
thickness, is well exposed in a large cut beneath the highway under- 
pass a short distance south of Sone’s store. The beds here are clays, 
banded with glauconite and with one very pronounced shell layer or 
coquina perhaps 2 feet in thickness. These beds carry Arca lesueri, 
Pecten poulsoni, and a large Byram marl fauna. Below these clays 
5-10 feet of section is covered. The second fossiliferous zone is then 
exposed in a cut about } mile northeast of the under-pass and consists 
of several feet of concretionary limestone or marl which may be cor- 
related with the limestone in the type section at Vicksburg. Below 
this limestone the Vicksburg consists of 20 or more feet of sandy clays 
with a soft unconsolidated bed of yellowish sand several feet thick at 
the base which contains a few shell fragments and is evidently marine. 
It rests with an irregular contact on fine clays carrying brown plant 
impressions. There is nothing present in this section which suggests 
the presence of any marine horizon similar in age to the Red Bluff of 
Mississippi. The first typical heavy sands of the Catahoula are ex- 
posed in a cut about $ mile southwest of Rosefield. 

In describing the thickness of the Vicksburg in Catahoula Parish, 
Shearer! says: 


1 H. K. Shearer, Bull. Amer. Assoc. Petrol. Geol., Vol. 14, No. 4 (April, 1930), Pp. 437 
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The thickness included as “‘Vicksburg and Jackson”’ in the accompanying 
correlations is measured from the top of the Vicksburg marl to the base of 
the Jackson formation. This does not include all of the Vicksburg, as there 
is a thin layer of that formation above the marl. In The Texas Company’s 
Harris-Hyman No. 1, Vicksburg fossils were recognized 50 feet above the 
lime or marl; and in the Standard Oil Company’s Tensas Delta No. 1, there 
is 40 feet of gumbo and gummy shale, probably belonging to the Vicksburg, 
above the marl. In this Standard well there is about too feet of sandy forma 
tion, which may be considered lower Vicksburg, below the marl, as the first 
Jackson fossils recognized were 108 feet below the top of the marl. In the 
Texas well the first definite Jackson was found 106 feet below the top of the 
marl. It is safe, therefore, to state that the total thickness of the Vicksburg 
is 150 feet in the Standard Oil Company’s Tensas Delta No. 1, and increases 
only slightly toward the east. 


There is little reliable published information concerning the Vicks- 
burg group in the salt dome region of south Louisiana. A recent paper 
by the Humble Oil and Refining Company’s geological department! 
mentions “Lower Oligocene” (presumably Vicksburg) ‘“‘in flanking 
wells at Starks, Vinton, Hackberry, Bayou Bouillon and Jennings.” 
The same paper (p. 39) gives a figure of 1500 feet for the thickness of 
the Vicksburg group in the salt dome region. This figure is probably 
derived from wells on the Texas coastal domes, but it should be fully 
as great if not greater in coastal Louisiana. However, accurate figures 
are not available for the salt-dome region because the great thickness 
of the Miocene and younger sediments has buried the Vicksburg 
group so deeply that wells “off-structure” have not been drilled deep 
enough to pass through the full section. It is probable that the top of 
the Vicksburg lies at a depth of between 8,000 feet and 10,000 feet in 
the region of the salt domes along the “line of the Southern Pacific 
railroad”’ and the depth is of course greater to the south of that line. 

Important papers dealing with the paleontology of the Vicksburg 
group are: 

Foraminifera 

1. J. A. Cushman, U.S. Geol. Survey Prof. Paper 129 (1922), pp. 87-152, 
22 pls.; U. S. Geol. Survey Prof. Paper 133 (1923), pp. 11-67, 8 pls.; Cont 
Cush. Lab. Foram. Res., Vol. 5, Pt. 2, No. 77 (1929), pp. 40-48. 

2. J. A. Cushman and A. C. Ellisor, Cont. Cush. Lab. Foram. Res., Vol. 7 
Pt. 3, No. 107 (1931), pp. 51-58. 

3. H. V. Howe, Jour. Paleont., Vol. 2, No. 1 (1928), pp. 13-14; Jour. 
Paleont., Vol. 2, No. 3 (1928), pp. 173-176; Jour. Paleont., Vol. 4, No. 3 
(1930), pp. 263-67; Jour. Paleont., Vol. 4, No. 4 (1930), pp. 327-31. 

Bryozoa 

1. R. Canu and R. S. Bassler, U. S. Nat. Mus. Bull. 106 (1920). 


1 Nat. Oil Scouts Assoc. Year Book 1931, p. 45. 
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Corals 
1. T. W. Vaughan, U.S. Geol. Survey Monogr. 39 (1900). 


Echinodermata 


1. W. B. Clark and M. W. Twitchell, U. S. Geol. Survey Monogr. 54 
1915). 


Mollusca 


1. T. A. Conrad, Jour. Acad. Nat. Sci. Phila. (2), Vol. 1 (1848), pp. 111- 
34; idem (1849), pp. 207-00. 


MIOcENE PERIOD 


CATAHOULA FORMATION;! TAMPA LIMESTONE; ‘“‘DISCORBIS, HETEROSTEGINA 
AND MARGINULINA ZONES”’ OF SO-CALLED “MIDDLE OLIGOCENE” 


Veatch’s original description of the Catahoula formation? is 
quoted. 


Overlying the fossiliferous Vicksburg clays and limestones is a series of 
sandstones and greenish clays which are generally quite different, litholog- 
ically, from any of the older beds of the Tertiary series in Louisiana and Ar- 
kansas. The sandstones which are the characteristic feature of this formation 
range in thickness from a few inches to 50 or 60 feet, and thicknesses of as 
much as 140 feet have been reported. These sand beds are often cemented 
by silica into very hard quartzites, but such occurrences are essentially local, 
and the quartzitic beds pass laterally in very short distances into soft sand- 
stones or even unconsolidated sands. These sandstones and quartzitic layers 
have resisted erosion more than the underlying clays and unconsolidated 
sands of the Eocene and so have formed a line of rocky hills, the Kisatchie 
Wold, extending across Louisiana, into Texas on the one hand and into Mis- 
sissippi on the other. 

These beds contain no indications of marine life, but land plants are 
abundant and fresh-water shells have been found in several places. The 
change from the conditions existing in the Vicksburg is very marked and in- 
dicates an elevation during which the region where the oceanic conditions 
were favorable for the growth of marine life was considerably south of the 
present outcrop of the formation. 

These beds were observed at Grand Gulf, on Mississippi River, in Clai- 
borne County, Miss., by Wailes, the first State Geologist of Mississippi, who 
referred to them as the “Grand Gulf sandstones.” Later Hilgard used the 
name “‘Grand Gulf group” to include the beds exposed in southern Missis- 
sippi between the Vicksburg and the relatively recent coastal clays (Port 
Hudson), and the name has been used with varying shades of meaning by 
different authors since that time. 

In view of this confusion and in order to furnish a name not likely to be 
misunderstood, the name Catahoula formation is used in this paper as a 


! First used in place of Grand Gulf by A. C. Veatch, ‘““The Underground Waters of 
Northern Louisiana and Southern Arkansas,” Louisiana State Expt. Station, Louisiana 
Geol. Survey Bull. 1 (1905), p. go. 


* A. C. Veatch, “Geology and Underground Water Resources of Northern Louisi- 
ana and Southern Arkansas,” U.S. Geol. Survey Prof. Paper 46 (1906), pp. 42-43. 
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synonym for the “‘typical Grand Gulf” or the “Grand Gulf proper.” This new 
name is from Catahoula Parish, Louisiana, which is directly across the Mis- 
sissippi Valley from Grand Gulf and where there are many outcrops which are 
lithologically and stratigraphically counterparts of the beds of the old type 
locality. From this place the beds have been traced eastward through Mis- 
sissippi into Alabama, where they apparently grade into a series of fossilifer- 
ous sands and calcareous clays known as the “Chattahoochee group.” To the 
west they extend in a very pronounced line across Louisiana into eastern 
Texas, and, according to Dumble, are continued across that State in his Oak- 
ville beds. The thickness of this formation, as shown by comparative cross 
sections based on wells at Alexandria and Boyce and on dip observations on 
Sabine River, is about 1,100 feet. 


The most extensive discussion of this formation is contained in a 
paper by Matson! in which he concludes (p. 223) that the Catahoula 
is interbedded with the Vicksburg, instead of lying unconformably 
upon it as had been claimed by Harris and Veatch? on the authority 
of Hilgard.* He also states (p. 209): 


Investigations made by the author in 1911 showed that the beds at the 
Catahoula type locality are in part the equivalent of the Chattahoochee for- 
mation and in part the equivalent of the Vicksburg limestone. . . . 


That the Catahoula was to be correlated with the Chattahoochee had 
previously been indicated by Miss Maury,' who stated: 

The Grand Gulf (Catahoula) sandstones reach their eastern limit in south- 
central Alabama. Near Oak Grove the typical sandstone beds pass beneath 
the Oak Grove sand, indicating that the sandstone is approximately of the 
same age as the Chattahoochee. 


In view of the foregoing, Matson concluded that the Catahoula 
was Oligocene in age and many subsequent writers, particularly those 
who have dealt with the Texas extension of the formation, have con- 
tinued to place it in the Oligocene. It should be noted, however, that 
the Chattahoochee, now called Tampa limestone’ is referred to the 
Miocene by both the Geological Survey of the state in which it occurs 
and by the United States Geological Survey. Moreover, the present 
writer refers the highest fossiliferous section in the Vicksburg at Rose- 


1G. C. Matson, “The Catahoula Sandstone,” U. S. Geol. Survey Prof. Paper 98 
(1917), pp. 209-26. 

2G. D. Harris and A. C. Veatch, Louisiana Geol. Survey Rept. 1899, Pt. 5, p. 95. 

3 E. W. Hilgard, ‘The Later Tertiary of the Gulf of Mexico,” Amer. Jour. Sci., 
Vol. 22 (1881), pp. 58-65. 

4 C. J. Maury, “Comparison of the Oligocene of Western Europe and the Southern 
United States,” Bull. Amer. Paleont., Vol. 3, No. 15 (1902), p. 70. 


> C. W. Cooke and S. Mossom, “Geology of Florida,” Florida Geol. Survey 20th Ann. 
Rept. (1928), pp. 78-93. 
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field to the Byram marl—the top bed of the Vicksburg group. He 
also objects to the contention of Matson that the sands at the base of 
the Vicksburg section at Rosefield are similar to the Catahoula, for 
they are marine and are devoid of siliceous cement. It is his belief that 
Hilgard was right in stating that the Catahoula lies unconformably 
upon the Vicksburg, for the outcrop of that formation, which is sev- 
eral miles wide in the region between Enterprise and Rosefield, has 
entirely disappeared beneath the Catahoula west of Rosefield. A 
similar unconformity at the base of the Tampa limestone has been 
noted by Cooke and Mossom;! they state: 

In western Florida the Tampa limestone lies unconformably upon the 
Byram marl or, where that is absent, upon the Glendon limestone. The Glen- 
don has been recognized beneath the Tampa in samples from a well drilled 
3 miles east of Woodville, and the unconformable contact of the Glendon and 
the Tampa is exposed on the Suwannee at Ellaville. So far as is known, noth- 
ing intervenes between the Tampa and the Ocala limestones in Citrus, Sum- 
ter, and Hernando counties. 

The Tampa limestone is generally regarded as the time equivalent of the 
Catahoula sandstone of the Gulf States, but as this correlation is based 
chiefly upon the relative stratigraphic positions of the two formations and is 


not supported by reliable paleontologic evidence, it should be regarded as 
merely provisional. .. . 


The fauna of the Tampa limestone has not been studied in detail. 
Cooke and Mossom (p. 82) note the common occurrence of Archais 
floridanus (Conrad), a genus of Foraminifera found only in tropical 
waters, and state that siliceous pseudomorphs of shells are common. 
The abundance of silica which ordinarily cements the outcropping 
sands of the Catahoula so as to form veritable quartzites perhaps 
derived from the volcanic ash beds which it contains, is suggestive, 
but more conclusive is the presence of great amounts of palm wood? 
indicating similar tropical conditions of deposition. 

Matson’ described the lithology of the Catahoula as follows. 

The Catahoula sandstone is composed of many alternations of sand- 
stones, sands, and clays, the arenaceous sediments predominating and the 
argillaceous materials being distributed in more or less extensive beds of 
lenticular shape. Loose sands are comparatively rare, and interlamination of 
sands and clays is not conspicuous. The sandstones are commonly fine- 
grained, and many of them contain more or less clay. Locally coarse-grained 
sandstones or fine-grained conglomerates are found, and the material is 
largely quartz, either in the form of pebbles or sand. In some of the sand the 


1 Op. cit., p. 83. 


2 See the remarks by W. W. Berry, “The Flora of the Catahoula Sandstone,” U.S. 
Geol. Survey Prof. Paper 98, p. 28. 


3G. C. Matson, op. cit., pp. 213, 215. 
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particles are so minute that the rock resembles clay. An exception to the gen- 
eral character of the conglomerate is found in layers of clay pebbles that have 
been noted in the sandstones and in the sands resulting from weathering. 
These clay pebbles and those formed from quartz are commonly distributed 
in lines parallel to the stratification of the rock, though they are in few places 
so numerous as to make a definite stratum themselves. In some places masses 
of clay a few inches in diameter occur in association with pebbles. The occur- 
rence of clay conglomerates is not restricted to any portion of the formation, 
but the pebbles are scattered from top to bottom and appear to be the result 
of local conditions of sedimentation rather than to indicate any widespread 
unconformity. 

Cross-bedding is general throughout the formation, and in some places 
short lenses of sandstone show concentric banding. The beds are as a rule only 
slightly indurated though in a few places in western Mississippi the rock is 
sufficiently well cemented to be used for building stone. At Grand Gulf, Miss.., 
near Pollock, La., and at some other localities thin layers are firmly cemented 
into a very dense quartzite, but rock of this type is apparently of only local 
occurrence. A change from slightly consolidated sands to quartzite in this 
formation would scarcely be expected, but it has occurred in some places 
where the type and quantity of mineral matter in solution in the waters fur- 
nished favorable conditions for the deposition of silica in the sands. 

The sandstones and sands vary in color from gray to white, with locally 
a light-greenish tinge. The clays are commonly massive, more rarely inter- 
laminated with sand, and show a tendency toward cuboidal fracture. Many 
of the clay beds are shown by an ordinary hand lens to contain a very large 
percentage of fine sand, and in some places this material is noticeable without 
a lens. In general the clays are somewhat sandy, though some thin beds are 
notably free from silica. Selenite and probably some of the amorphous forms 
of gypsum are in places abundant in the clays and occur in a few localities in 
the sandstones. Here and there rosettes of calcium carbonate occur on the 
surfaces of the clay layers and in the crevices where the clays are slightly 
broken or jointed. These rosettes have usually been regarded as accumula- 
tions of gypsum, but many of them dissolve with vigorous effervescence when 
placed in dilute hydrochloric acid, revealing the presence of the carbonate. 

The clays of the Catahoula sandstone have a wide range in color, from 
light gray or white to brown or black. The dark colors are due to the presence 
of organic matter, either in thin laminae or distributed in the form of par- 
ticles of lignitized wood. The purer clays are pale blue or green when first 
exposed to the atmosphere, but on weathering the color changes to gray or 
white. 


A paper entitled “Petrographic Evidence on the Origin of the 
Catahoula Sandstone of Texas’? by Marcus I. Goldman! was pub- 
lished in 1915. Unfortunately Goldman gave no localities for his sam- 
ples though he stated that: 

This investigation was made in connection with a paleobotanical stud) 


of the Catahoula formation by Professor Edward W. Berry of Johns Hopkins 
University. 


1M. I. Goldman, Amer. Jour. Sci., Vol. 39 (1915), pp. 261-87. 
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He stated on Berry’s authority that the flora at this locality contained 
M yristica or nutmeg (fruits) and other plants and that a report by 
him and G. C. Matson would probably be published later by the 
United States Geological Survey. Berry’ described this species the 
following year and gave the location as a cut on the International and 
Great Northern Railroad in southern Trinity County, where a spur 
to the Government lock leaves the main line, assigning it to the Cata- 
houla formation, which he stated ‘‘in this area is either late Eocene 
or early Oligocene in age.” 

However, in a subsequent paper, Berry’ states regarding this lo- 
cality: “Catahoula (?) sandstone (not regarded as Catahoula by me, 
but older and of Jackson age), .. .” 

As Berry did not include this species in his paper on the “‘Flora of 
the Catahoula Sandstone’® which was a companion paper to the one 
by Matson on the Catahoula and subsequent to Goldman’s, the writer 
suspects Goldman really dealt with a continental phase of the Jack- 
son Eocene rather than with the Miocene Catahoula. 

The writer* noted the presence of a small amount of volcanic ash 
in the Catahoula at the famous Chalk Hills locality in Catahoula 
Parish 2 miles south of Rosefield, from which place Berry had de- 
scribed a small flora. However, no petrographic study of the type 
Catahoula has been made to date. Recently the name “Catahoula 


tuff’ has appeared in the Texas literature in a paper by Lahee, who 
states: 


Briefly, then, the decision has been reached by the U. S. Geological Sur- 
vey to use “Catahoula tuff” for Bailey’s ‘‘Gueydan,” and to retain ‘‘Frio clay” 
for the formation between the Fayette sandstone below and the Catahoula 
tuff above. This is in conformity with the San Antonio Committee’s recom- 
mendation. 


The writer considers the name “‘Catahoula tuff’’ most unfortunate. 
The type locality of the Catahoula is in Louisiana several hundred 
miles east of the type locality of the Gueydan and by no stretch of the 
imagination may it be considered a “‘tuff.”” The addition of the term 


'E. W. Berry, “A Fossil Nutmeg from the Tertiary of Texas,” Amer. Jour. Sci. 
4th. ser., Vol. 42 (1916), pp. 241-45, Figs. 1-6. 


* Idem, “The Middle and Upper Eocene Floras of Southeastern North America,” 
U.S. Geol. Survey Prof. Paper 92 (1924), p. 165. 


3 Idem, U. S. Geol. Survey Prof. Paper 98 (1917), pp. 227-51. 


4H. V. Howe, “Louisiana’s Mineral Resources, Past and Present,’’ The South’s 
Development, Manufacturer’s Record, Vol. 86, No. 24, Pt. 2 (1924), pp. 378-81. 


5 F. H. Lahee, “Frio Clay, South Texas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 16, 
No. 1 (January, 1932), pp. to1—o2. 
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“tuff”? to the well established stratigraphic unit Catahoula can not 
fail to be misleading to workers in other regions. Bailey' has stated: 


There is a great difference in facies between the Gueydan of southern 
Texas, as I defined it, and the Catahoula formation at its type locality in 
Louisiana. 

He also indicates that a considerable part of the Gueydan is not a true 
tuff. If the Gueydan is the exact equivalent of the Catahoula, which 
may be open to legitimate question in view of the great distance be- 
tween their type localities, and if there is legitimate reason why the 
name Gueydan should not be used, which was not stated in Lahee’s 
note, then it would be much less confusing to call it simply Catahoula. 

It has already been noted that the stratigraphic workers in the 
states to the east of Louisiana have concluded that the Catahoula 
sandstone is a continental deposit more or less contemporaneous with 
the Chattahoochee, or as it is now called, the Tampa limestone.’ 
The relationship of the so-called Discorbis, Heterostegina and Mar- 
ginulina zones to the Catahoula has not been so definitely stated, due 
to the fact that the Catahoula changes “‘down-dip”’ so as to lose many 
of its surface characteristics. Applin, Ellisor, and Kniker* in describ- 
ing these zones assign them to the Middle Oligocene and state: 

No marine Oligocene, as far as known, outcrops in Texas. However, from 
our study of well samples we find that marine Oligocene does exist in Texas. 
Well sections show a fossiliferous formation resting unconformably upon the 
Jackson and lying below beds comparable to the outcropping non-fossiliferous 
Upper Oligocene. The presence of Heterostegina antillea, Cushman, in the 
marine Oligocene beds of Texas, correlates these beds with the Antiqua (sic) 
formation of the West Indies, the type locality* of the Middle Oligocene, in 
which this species of Foraminifera is the key fossil. Some of the smaller 
Foraminifera of the Texas Oligocene are common to the Vicksburg group of 
Mississippi and Alabama. From the Jackson formation these Middle Oligo- 
cene sediments differ both paleontologically and lithologically. 


At the time these zones were described the Vicksburg group was 
not recognized as being present in the area of the Texas coastal domes. 
Earlier in this paper it has been noted that 1,500 feet of beds are now 
assigned to the Vicksburg group in the stratigraphic position originally 


!'T. L. Bailey, “Frio Clay, South Texas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 16, 
No. 3 (March, 1932), p. 260. 


2 For an historical discussion of the stratigraphy of the Tampa limestone, or 
“silex beds,”’ see C. W. Cooke and S. Mossom, of. cit., pp. 78-97. 

3 E. R. Applin, A. C. Ellisor, and H. T. Kniker, “Subsurface Stratigraphy of the 
Coastal Plain of Texas and Louisiana,” Bull. Amer. Assoc. Petrol. Geol., Vol. 9, No. 1 
(January-February, 1925), pp. 79-122. 

4*T. W. Vaughan, U.S. Nat. Mus. Bull. 103 (1919), p. 203. 
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indicated for these zones, i.e., below the Catahoula and above the 
Jackson. The correlation of the Heterostegina zone with the Antigua 
formation of the island of Antigua, becomes much more difficult, if 
not impossible, when it is noted that T. W. Vaughan in his presi- 
dential address,' some five years later, before the Geological Society 
of America, has correlated the Antigua formation with the Glendon 
formation (middle Vicksburg) of the Gulf Coast, a horizon now known 
to lie a number of hundred feet below the Heterostegina zone. 

The type figures of Heterostegina antillea® are not particularly 
clear. One is a photograph of a piece of limestone containing a number 
of Foraminifera of several kinds, the other two are photographs of 
sections. It is therefore evident, if Vaughan is right in his later cor- 
relation, that the species present in the Heterostegina zone is not H. 
antillea, or else that species has a much wider range in time than has 
heretofore been indicated for it. 

The micro-fauna of the Tampa limestone is largely undescribed 
and the micro-faunas of the Discorbis, Heterostegina, and Marginulina 
zones are represented in the literature merely by faunal lists. The 
Discorbis zone is named for Discorbis vilardeboana d’Orbigny, at least 
that is the only Discorbis given in the faunal list. Applin, Ellisor, and 
Kniker also list the same species from the Heterostegina zone. Cush- 
man has recently placed Discorbis vilardeboana under the genus Val- 
vulineria® which would doubtless affect the name of the zone had not 
he and Ponton decided that the lower Miocene species of Discorbis, 
previously referred to D. vilardeboana, was in reality another species 
which he has referred to D. candeina d’Orbigny.* The narrowness by 
which the ‘‘Discorbis zone’”’ of the so-called ‘Middle Oligocene” has 
escaped suffering a fate similar to that recently befalling the “‘Discor- 
bis zone”’ of the Jackson well ilhistrates the danger involved in the use 
of generic names for zonal nomenclature. 

This particular species, whether it be called by the generic name 
of Discorbis or Valvulineria and by the specific name of vilardeboana 
or candiana, occurs abundantly in the Tampa limestone at Falmouth 
Springs, Florida, associated with a fauna of warm water milioline 
forms which are strikingly similar to those present in the Heterostegina 


_ 1 T. W. Vaughan, “Criteria and Status of Correlation and Classification of Ter- 
tiary Deposits,”’ Geol. Soc. Amer. Bull., Vol. 35 (1924), pp. 677-742. 


2 J. A. Cushman, “Fossil Foraminifera from the West Indies,” Car. Inst. of Wash. 
Pub, 291 (1919), pp. 49, Pl. 2, Fig. 1, Pl. 5, Figs. 1-2. 


3 Idem, Bull. Scripps Inst. Oceanography, Tech. Ser., Vol. 1, No. 10 (1927). 


* J. A. Cushman and G. M. Ponton, “The Foraminifera of the Upper, Middle, and 
Part of the Lower Miocene of Florida,” Florida Geol. Survey Bull. 9 (1932), p. 88. 
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zone. The writer is therefore suggesting the strong probability that 
the Heterostegina zone and perhaps the Discorbis and Marginulina 
zones also should be correlated with the Chattahoochee formation, or 
Tampa limestone as the “down-dip” or seaward facies of the Cata- 
houla. However, until the micro-faunas of the type Tampa, and of 
these zones are properly described and figured the correlation can not 
be other than suggestive. 

Not a great deal of accurate information has been published con- 
cerning the thickness of the Catahoula formation. Shearer’ estimates 
that it may possibly reach 1,000 feet in the southern part of Cata- 
houla Parish, and states that it is about 600 feet thick in The Texas 
Company’s Harris-Hyman well No. t. 

Matson? has published a graphic log of the Leesville Light and 
Waterworks Co., Limited, well, Leesville, Vernon Parish, on which 
he has indicated that the Hattiesburg extends to a depth of 161 feet; 
the Catahoula from there to 762 feet; the Fayette to 920; and from 
that depth to 1,482 feet he calls ‘““Older Eocene.”’ This would give the 
Catahoula a thickness of 601 feet if his correlation based on “logs and 
samples of cuttings’’ is correct. The presumption is very strong, how- 
ever, that it is not correct, and that both the “Fayette and Older 
Eocene”’ recorded are of Catahoula age, for Haase* has recently re- 


corded the base of the Catahoula at 1,757 feet in the Exchange Pe- 
troleum Company (White-Grandin No. 1) in the S.W. }, N.E. j, 
S.W. } of Sec. 29, T. 3 N., R. 7 W., a point some ro miles northeast of 
Leesville and on the strike of the beds. 


The recording of ‘Fayette sandstone,”’ on the same page, in a well 
at Pineville, in Rapides Parish, is also in error, for the Catahoula is 
definitely underlain by marine Vicksburg in that vicinity. His figure 
of 800 feet for the Catahoula in this well is his maximum figure, and 
is at least 500 feet too small for that portion of Rapides Parish. 

M. T. Halbouty* has recently recorded these zones from the 
Yount-Lee Oil Co., Houssiere-Latrille well No. 10 in the Jennings 
field, Acadia Parish. He estimated the top of the Discorbis zone to lie 
at a depth of 7,177 feet and to have a thickness of 282 feet. He de- 
scribed these zones as follows: 


1H. K. Shearer, op. cit., p. 437. 
? G. C. Matson, U. S. Geol. Survey Prof. Paper 98 (1916), p. 214. 


3 F. M. Haase, Bull. Amer. Assoc. Petrol. Geol., Vol. 16, No. 6 (June, 1932), pp. 
608-09. 


4 M. T. Halbouty, “ Vicksburg Formation in Deep Test, Acadia Parish, Louisiana,” 
Bull, Amer. Assoc. Petrol. Geol., Vol. 16, No. 6 (June, 1932), pp. 609-10. 
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The only cores obtained from this zone are from 7,445 to 7,446 feet, im- 
mediately above the Heterostegina zone. The cores were of gray, very hard and 
well cemented, calcareous, friable shales, and the residue consisted of fine to 
medium-grained quartz, chert, magnetite, abundant pyrite, siderite, gray 
shale, shell fragments, sponge spicules, and typical Discorbis zone Foramini- 
ferd. 

The Heterostegina zone was found at 7,459 feet, the core at that depth 
being a gray, sandy limestone with numerous Heterosteginoides sp. This zone 
extends to 7,604 feet, a thickness of 145 feet of limestone, sandy calcareous 
clays, and shales. 

Below the Heterostegina zone are 512 feet of greenish gray calcareous 
sandy shales and non-calcareous packed sands which are correlated with the 
Marginulina zone. The cores obtained were mostly sands and the foraminifers 
collected from the few shale cores were of no definite diagnostic value. 


The contact with the Vicksburg group is placed at 8,116 feet. 

These zones are also reported present at Vinton, Sulphur, Hack- 
berry, Starks, Lockport, White Castle, Black Bayou, Bayou Bouil- 
lon, Sorrento and Port Barre.' 


HATTIESBURG? AND PASCAGOULA® FORMATIONS; FLEMING CLAY‘; 
LAGARTO CLAY® 


There has been little information published on the outcropping 
formations which overlie the Catahoula and underlie the Pliocene and 


1 Texas Gulf Coast Oil Scouts Association and South Louisiana Oil Scouts Association 
Bull. 1 (1930), p. 45. 


? Originally described by L. C. Johnson, ““The Miocene Group of Alabama,” Sci., 
Vol. 21 (1893), p. 90, as follows: 

“More remote from the Great River (Mississippi), and southing farther, the less 
silicious the formation becomes, at Hattiesburg, and on that part of Leaf River from 
Okatoma to Roger’s Creek, and on Chickasaw nay above Leakesville, a third phase 
(of the Grand Gulf) is exhibited, abounding in phytogene remains—almost lignitic. 
This is the Hattiesburg phase or formation.” 


3 Originally described by L. C. Jehnson, ““The Miocene group of Alabama,” Sci., 
Vol. 21 (1893), p. 90, as follows: 

“A fourth manifests itself below Leakesville on the Chickasawnay, on the Lower 
Leaf River and Pascagoula—being clays of a more tenaceous quality—-abounding in 
specks and nodules of calcareous material, and in a few places holding shells of mollusks. 
One locality of the last, where first discovered, is the Shell Landing below Roberts’ 
Bluff, four miles south-west of Vernal postoffice. This is the Pascagoula phase or forma- 
tion.” 


‘ The writer has not been able to examine the original description of the Fleming 
which A. C. Veatch, U. S. Geol. Survey Prof. Paper 46 (1906), p. 43, states was named 
by W. Kennedy, in Third Ann. Rept. Geol. Survey of Texas (1892), pp. 62-63. However, 
from E. T. Dumble, “The Geology of East Texas,” Univ. Texas Bull. 1869 (1918), pp. 
221-22, is taken the following statement: 

“The Fleming clays were so named by Kennedy from the exposures near Fleming 
on the Missouri, Kansas & Texas Railway east of Corrigan. His description follows: 

“The deposits are best seen in the neighborhood of Fleming, where, a little west 
of the station, the Trinity and Sabine Railway line passes over a high hill made up 
entirely of them. The same clays also occur in a cut on the line of the Southern Pacific 
Railway about a mile and a half north of Summit station, in Tyler county. 

“The clays are dark blue, pale blue, brown, red, yellow and pale green in color. 
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younger gravel deposits in Louisiana. Veatch,' in discussing the out- 
crop of these beds, referred them to the Fleming clay and stated: 


The Fleming clay, which was so named by Kennedy in 1892 . . . consists 
of green or bluish green calcareous clays, differing from the underlying Cata- 
houla beds in the presence of numerous small white calcareous nodules and 
the absence of the characteristic Catahoula sandstone layers. Near its base 
it often contains a bed of bright-red clay, which forms a convenient line of 
parting. These beds produce a stiff, heavy soil that is often black and re- 
sembles the soils of the Cretaceous prairies. Except where deeply covered with 
the surficial sands and gravels, these are commonly quite distinct from the 
coarse, sandy soils of the Catahoula formation. 

Although these deposits represent less truly littoral sediments than the 
Catahoula beds, extended search has failed to reveal any marine remains 
except near Burkeville,? Newton County, Texas, where a brackish-water 


They occur thinly laminated, or partially stratified and massive and have a strong 
tendency to joint or break into cuboidal blocks with a conchoidal fracture. The most 
important bed of clay in this group is a blue clay, partially stratified, but showing a 
tendency to break up into little blocks, and containing numerous concretions of car- 
bonate of lime. This clay is perfectly smooth in texture and graduates into the under- 
lying bed of red clay without any break except that of color, and the absence of the 
limy concretions which apparently do not occur in the red clay. At least where the 
beds were examined none were found. The red clay is in every other respect similar to 
the blue. 

“Pale green, pale blue and brown clays are found overlying the blue limy clays at 
the different exposures, but occur most abundantly in the north of Summit station. 
These colors are not so persistent as the blue, and are probably due to some local cause. 

“These clays in this portion of the State are overlain by and associated with a 
series of gray sands, which are mostly coarse-grained, sometimes massive, and in locali- 
ties cross-bedded and stratified. The typical exposure seen at Fleming shows them to be 
gray stratified sand containing fossil palm in great quantities, with numerous quartz, 
jasper and other pebbles, and to have at that locality a thickness of twenty feet. 

“These clays and sands occupy a belt from 15 to 25 miles in width and are followed 
by the deposits referred to the Lafayette.” 


5 Originally described by E. T. Dumble, “The Cenozoic Deposits of Texas,” Jour. 
Geol., Vol. 2 (1894), p. 560, as follows: 

“The Lagarto division includes a series of sands and clays of a different character 
from the Lapara, and overlying them. it comprises light colored clays—lilac, lavender, 
sea-green, greenish brown and mottlings of these colors—jointed and showing many 
slips. In places the upper portion contains a considerable amount of sand, gravel, or 
lime, and the change in a single stratum from one kind of rock to another takes place 
within a very few feet. In localities where the lime predominates it closely simu- 
lates the Reynosa. Where the limestone or calcareous sandstone caps the clays, strings 
of limestones extend downwards into them for a distance of six or eight feet. The clays 
contain quantities of semi-crystalline limestone pebbles with manganese dendritions, 
and indeed, manganese appears to be one of the characteristics of the clay wherever 
found. The upper portion of the beds is usually a sandstone. No fossils have been found 
in them.” 


1A. C. Veatch, op. cit., p. 43. 


2 This fossiliferous outcrop a short distance west of the Sabine River at Burkeville, 
Texas, has been referred to the Chattahoochee by Harris: see paper by Veatch, Louisi- 
ana Geol. Survey Rept. (1902), p. 136; Frio clays—Oligocene by Maury; see Bull. Amer. 
Paleont., Vol. 3, No. 15 (1902), p. 80; to the Eocene, with a long list of species by 
Hayes and Kennedy: see U. S. Geol. Survey, Bull. 212 (1903), p. 53; to the Pliocene by 
Dall, who gives a long list of species, though placed in the Miocene by Deussen: see 
U.S. Geol. Survey Water-Supply Paper 335 (1914), pp. 72-73; and on vertebrate evi- 
dence to either late Miocene or possibly early Pliocene by W. D. Matthew, in E. T. 
Dumble’s “The Geology of East Texas,” Univ. Texas Bull. 1369 (1918), p. 225. 
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Oligocene fauna has been found in a local development of limestone 3 to 4 
inches thick. These beds are particularly well developed on Neches River in 
the vicinity of Townbluff and extend east and west from that point in a belt 
3 to 15 miles wide. 

The thickness of the Fleming beds is not well known, though it has been 
estimated by Kennedy at 260 feet and by Veatch at 200+ feet. 

Along Sabine River the dip of the Fleming formation is much less than 
that of the basal Catahoula beds, though it is apparently the same as that of 
the uppermost Catahoula, which is from 25 to 35 feet per mile. 


A portion of the outcrop of these beds is shown on the geologic 
map accompanying Veatch’s report and also on the map accompany- 
ing the paper by Harris! on oil and gas in Louisiana. The contact of 
these beds with the Catahoula is indicated as passing from a point 
just below Burr Ferry in Vernon Parish, past Leesville, to a point just 
southwest of Boyce in Rapides Parish. 

A recent note by Haase? is accompanied by a map which shows this 
contact in greater detail. Haase states: 

In fixing the contact, the writer has used the presence or absence of cal- 
careous material as the principal determining criterion. Non-calcareous clays 
were mapped as Catahoula; calcareous clays, in places also bearing many 
small white calcareous nodules, were mapped as Fleming. Other criteria were 
helpful, but the one mentioned was most readily applied in the field. At the 
places shown on the map by crosses, the contact is definite enough to enable 
one to determine the elevation as shown. 


Matson,’ in his paper on the Catahoula sandstone, gives the log of 
a well at Leesville, in Vernon Parish, on which the upper 161 feet are 
assigned to the Hattiesburg clay. And, on p. 225, he states: 


The relation of the overlving Miocene to the Hattiesburg clay (considered 
Oligocene by Matson) is unconformable, and this permits the separation of 
what has been called the Fleming clay in Louisiana and along the eastern 
border of Texas into two parts. T-he lower part, which, from its stratigraphic 
relations is included in the Hattiesburg clay, is more sandy and much less 
calcareous than the overlying Miocene clays. 


In the same paper, p. 225, Matson gives the following discussion 
and re-definition of the Pascagoula clay. 


A series of blue, green, and gray clays, locally calcareous, with inter- 
bedded sands and more rarely sandstones, lying unconformably above the 
Hattiesburg clay, has been called the Pascagoula clay. This formation is 
locally fossiliferous and has furnished remains of marine or brackish-water 
invertebrates at Shell Bluff and Givhens Landing, on Chickasawnay River, 


1G. D. Harris, U. S. Geol. Survey Bull. 429 (1910). 


2 F. M. Haase, “Catahoula-Fleming Contact, Vernon Parish, Louisiana,’’ Bull. 
Amer. Assoc. Petrol. Geol., Vol. 16, No. 6 (June, 1932), pp. 608-09. 


3G. C. Matson, U S. Geol. Survey Prof. Paper 98 (1916), p. 17. 
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Miss., and in numerous wells in the southern part of the State. A somewhat 
different fauna has been obtained from the formation at Pine Prairie and 
southwest of Alexandria, La., and at Burkeville, Texas. The formation ranges 
in thickness from about 250 feet in Alabama to 450 feet near Mississippi 
River in Louisiana and along the Gulf coast in Mississippi. In western Louisi- 
ana and eastern Texas the thickness has not been accurately determined, but 
it is thought to be about 250 or 300 feet. Local variations in thickness are to 
be expected, because the Pascagoula clay is overlain unconformably by sands 
and clays of Pliocene age and rests unconformably on the Hattiesburg clay. 

The Pascagoula clay differs from Johnson’s Pascagoula phase or formation 
by including the portion of his Fort Adams or Ellisville phase extending from 
Tunica, La., to Columbia, Miss. The type locality is, however, the same, and 
the difference is largely due to a more thorough understanding of the distribu- 
tion of the formation. West of Mississippi River the Pascagoula clay extends 
across southern Louisiana and eastern Texas and includes the upper portion 
of what Veatch called the Fleming clay. 


The fauna from southwest of Alexandria that Matson referred to 
and placed in the Pascagoula had previously been described by Dall! 
who considered it Pliocene. The writer possesses an excellent collec- 
tion of fossils made by Frank Lewis of Alexandria. In a letter to the 
writer, May 19, 1933, Perry Olcott on the authority of Mr. Russom 
of the Sinclair gives the locality as Sec. 28, T. 3 N., R. 2 W. It con- 
tained, in addition to a large number of brackish water clams and 
snails, an abundance of two varieties of Rotalia beccari, several species 
of Elphidium, and a great variety of Ostracodes. 

The following year Matson? published a geologic map of Louisiana 
on which he showed the distribution of the Hattiesburg clay and the 
Pascagoula clay. Graphic logs of two wells are shown also (on p. 157) 
to illustrate the character of the Pascagoula clay. On one of these— 
the well of Gulf Land and Lumber Co., Fullerton, Vernon Parish— 
more than half of the Pascagoula is plotted as “Sand (?) with water.” 
On the log of the other well at Bass, East Baton Rouge Parish, the 
portion attributed to the Pascagoula is obviously Citronelle or 
younger, as it records numerous sand beds with chert pebbles an inch 
or less in diameter. 

Whether these beds lying below the “‘Citronelle” and above the 
Catahoula formation and “Discorbis zone” should be called “‘Flem- 
ing,”’ or ‘Hattiesburg clay,” or “Pascagoula clay,”’ or ““Lagarto clay” 
(a name which the United States Geological Survey has used on its 
preliminary edition of the Geologic Map of Texas, 1932, for the beds 


!'W. H. Dall, “On a Brackish-Water Pliocene Fauna from the Southern Coastal 
Plain,” U.S. Nat. Mus. Proc., Vol. 46 (1913), pp. 225-27. 


9 


:. C. Matson, “Louisiana Clays,” U. S. Geol. Survey Bull. 660-E (1917), pp. 
147-58. 
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outcropping at the type section of the Fleming) is impossible to de- 
termine at the present time due to the lack of detailed field studies 
in the area of the outcrop. In the absence of detailed comprehensive 
paleontologic studies, it is likewise impossible to make any accurate 
separation between Miocene and Pliocene. It has been generally con- 
sidered that the presence of Rangia cuneata indicated Pliocene or 
younger beds. The writer has often observed that species in cores 
from depths as much as a thousand feet below the lowest bed of 
gravel shown in the driller’s log. It seems probable, therefore, that 
there is a considerable thickness of Pliocene sediments lying below the 
Citronelle gravels. 

The maximum thickness of these beds which lie below the Citro- 
nelle gravels and above the Catahoula and Discorbis zone is still 
rather difficult to estimate accurately for Louisiana. It is certainly 
much greater than any heretofore published estimates, and probably 
is greatest in the region adjacent to the Mississippi flood plain. 

Halbouty! did not record the thickness of the Citronelle in the 
Yount-Lee Oil Company’s Houssiere-Latrille well No. 10 at Jennings, 
but his figure of 7,177 feet as the depth to the top of the Discorbis 
zone is helpful. Unfortunately there is no gravel shown on the log of 
this well; but in an earlier paper by Barton and Goodrich? the base of 
the Citronelle is placed in the neighborhood of 1,100 feet, for this 
field. Even if the base of the Citronelle lies a thousand feet deeper on 
this dome, there would still be left a thickness of more than 5,000 feet 
of “Fleming,” “Hattiesburg,” ‘‘Pascagoula,” ““Lagarto,” before the 
Discorbis zone is reached. Along the line of the Southern Pacific Rail- 
road this interval may reach as much as 6,000 feet, with the base of 
the Citronelle gravels lying at depths of from 1,200 feet to 2,500 feet, 
and the top of the Discorbis zone lying at depths of from 7,000 feet 
to more than 8,500 feet. 

The study of this stratigraphic interval is complicated by the fact 
that these brackish-water beds become marine in the southern tier of 
parishes, and abundant marine faunas have been obtained from wells 
in southern Cameron, Terrebonne, Lafourche and Plaquemines par- 
ishes, which may be correlated with the Choctawhatchee and Alum 
Bluff groups of the Florida Miocene. Micropaleontologists will find 
the recent paper by Cushman and Ponton’ of a great deal of assistance 


1M. T. Halbouty, op. cit., pp. 608-09. 


2D. C. Barton and R. H. Goodrich, “The Jennings Oil Field, Acadia Parish, 
Louisiana,” Bull. Amer. Assoc. Petrol. Geol., Vol. 10, No. 1 (January, 1926), p. 85. 


3 J. A. Cushman and G. M. Ponton, “The Foraminifera of the Upper, Middle, and 
Part of the Lower Miocene of Florida,” Florida Geol. Survey Bull. 9 (1932). 
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in naming the Foraminifera encountered in these horizons. It should 
be used in conjunction with an earlier paper by Cushman! in which 
many of the listed species are figured. 


PLIOCENE AND PLEISTOCENE PERIODS 
CITRONELLE (?) FORMATION” 


The beds to be described under the heading Citronelle (?) forma- 
tion have been variously referred to in the older Louisiana geologic 
literature under the terms “Drift,’’ “Orange sand,” and “Lafayette 
gravels.”” They apparently correspond to the formations currently 
named “‘Lissie’*® and ‘Reynosa’ in Texas, and are in part at least 
Pleistocene in age. 


1 J. A. Cushman, “The Foraminifera of the Choctawhatchee Formation of Flor- 
ida,” Florida Geol. Survey Bull. 4 (1930). 


2 Named by G. C. Matson, “The Pliocene Citronelle Formation of the Gulf 
Coastal Plain,” U. S. Geol. Survey Prof. Paper 98 (1916), pp. 167-92. His original defi- 
nition is quoted. 

“The name Citronelle formation is applied to sediments of Pliocene age, chiefly 
nonmarine, that occur near the seaward margin of the Gulf Coastal Plain, extending 
from a short distance east of the western boundary of Florida westward to Texas. 
Citronelle, a town on the Mobile & Ohio Railroad, in the northern part of Mobile 
County, Ala., was chosen as the type locality because of the excellent exposures of the 
formation i in its vicinity, especially to the north along the railroad for a distance of 3 
or 4 miles. The best collection of fossils was obtained from a clay bed a few miles south 
of the type locality, near a station called Lamberts, where a flora sufficiently well pre- 
served to permit correlation of the beds with the Pliocene was found.” 


3 Named by Alexander Deussen, U. S. Geol. Survey, Water-Supply Paper 335 
(1914), pp. 78-80, whose original definition is quoted: 

“The lithologic unit now to be described is called the Lissie gravel after the town 
of Lissie, in Wharton County, Tex., where it typically occurs. 

“As here interpreted, the Lissie gravel represents the time equivalents of the mid- 
dle and of the lower part (or gravel portion) of the lowest of the three Pleistocene ter- 
races described on pages 82-83. 

“The Lissie gravel is believed to represent the coalescing alluvial fans which were 
spread out at the mouths of the valleys of the streams which discharged into the sea 
during some parts of Pleistocene time, possibly the early and middle parts. It is further 
believed that the gravel was later elevated and eroded, proof being found in the fact 
that the terraces which grade laterally into the lower or interior part of this gravel lie 
50 to 70 feet above the lowest of the Pleistocene terraces, whereas the lowest Pleistocene 
terraces grade into the upper part of the gravel and into the Beaumont clay. Further- 
more, a few isolated unconformities are exposed in the southwest. Following this erosion 
epoch came a depression of the land and an invasion of the sea, in a later portion of 
Pleistocene time, submerging in part the area occupied by gravel. On the floor of this 
Pleistocene sea, on top of the eroded gravels, was spread unconformably another layer 
of gravel, similar in composition and consisting in part of reworked and eroded products 
of the first layer. With the gradual deepening of the sea and the lessening gradients of 
the streams, deposition of gravel ceased and in place of it was formed a deposit of silt, 
sand, and clay to which has been given the name Beaumont clay. 

“Lissie gravel, therefore, as used in this report, includes all the gravels, these being 
characterized by more or less uniform lithologic composition, albeit separated by an 
unconformity into lower and upper portions.” 


4 Named by R. A. F. Penrose, Jr., Texas Geol. Survey First Ann. Rept. (1890), p. 63, 
whose description is as follows: 

“REYNOSA LIMESTONE.—The Mexican town of Reynosa, in the State of Tamauli- 
pas, on the Rio Grande, is situated on a hill rising some fifty feet above the level of the 
river and composed of a hard white limestone. This is made up of very hard calcareous 
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Matson! described the lithology of the Citronelle formation as fol- 
lows. 

The Citronelle formation is predominantly sandy but contains varying 
amounts of clay in the form of thin layers or lenses. The relative proportion 
of materials of different kinds varies from place to place, and in any one sec- 
tion it varies from top to bottom, though in general-sand is everywhere 
abundant and at many places there is some gravel. The proportion of sand is 
greatest near the base, and the formation contains more sandy material in 
the vicinity of the principal drainage lines than in the interstream spaces. 
here is also a larger percentage of sand and gravel near the landward than 
the seaward margin of the formation, though in making comparisons it is 
necessary to consider large masses and to choose localities bearing about the 
same relations to the principal lines of drainage, because more sand and gravel 
will be found in the vicinity of large streams near the coast than on some of the 
interstream spaces farther inland. 

The sands of the Citronelle formation are sufficiently rounded to indicate 
that they have been subjected to extensive attrition. The pebbles vary greatly 
in degree of rounding; many of them are much waterworn and resemble peb- 
bles found on the beach, others are only slightly rounded, and still others are 
subangular. The sand is predominantly quartz, and the pebbles in the Mis- 
sissippi embayment are mostly chert, with a somewhat smaller percentage of 
crystalline quartz and quartzite. Many of the chert pebbles contain cavities 
lined with chalcedony in the form of agates or geodes, and a large number of 
them are fossiliferous, containing fragments of corals, crinoid stem, and other 
organic remains such as are common in the Paleozoic limestones and chert. 
In Alabama there are many pebbles of quartz, with a subordinate percentage 
of quartzite, but in some places chert pebbles are numerous. In western 
Louisiana the pebbles are mostly quartz with some admixture of chert. 

Certain peculiarities in the distribution of materials in the Citronelle for- 
mation are worthy of mention. In Mississippi the outliers are in general com- 
posed of coarse subangular chert gravel, with a varying percentage of small, 
well-rounded quartz pebbles. In Louisiana and Alabama quartz gravel is 
common. The coarse pebbles have in a measure the same composition and 
evidently came from a common source, and the same is true of the fine peb- 
bles. The coarse subangular fragments are mostly chert and have been sub- 
jected to fluviatile wear with very little subsequent rounding by waves, but 
many of the finer, well-rounded pebbles are quartz and have doubtless been 


nodules, one-half inch to over three inches in diameter, white to creamy-brown in 
color, and in places showing a concretionary structure imbedded in soft white material] 
of the same composition. This deposit lies on the sands of the Fayette series, which are 
exposed at the water’s edge. Though usually hard, yet in places on the surface it is soft 
and crumbly, and in this softer material were found many specimens of Bulumulus 
iternatus, Say, a shell found now in great quantities on the Rio Grande. These prove 
the late origin of at least the material in which they were imbedded, and it apparently 
blends into the harder rock. But unfortunately time did not permit a thorough investi- 
gation of the region, and consequently, though it is probably true that the whole of the 
limestone is of the same late origin, its relations and extent have not been studied. It 
undoubtedly overlies the Fayette Beds, as this is proved by the small outcrop of the 
latter at the water edge at Reynosa. Similar limestones are said to be found in various 
parts of Hidalgo County, and that in digging wells they are passed through for about 
thirty feet, when they find water in an underlying sand or sandstone (Fayette Beds?).” 


1G. C. Matson, op. cil., pp. 173-75. 
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shaped by prolonged subaqueous erosion. Probably the subangular material 
was brought directly from its original source, and the fine, well-rounded ma- 
terial was subjected to wave erosion by being deposited in some one or more 
of the older formations of the Coastal Plain, from which it was obtained by 
Pliocene streams. This conclusion seems warranted because the gravel is a 
poorly assorted aggregate of material of all sizes from sand to pebbles an inch 
or two in diameter. If the gravel had been subjected to wave action during 
Pliocene time it would have been assorted, and it is therefore inferred that 
the perfect rounding of the small pebbles was accomplished by wave action 
during earlier geologic periods. 

The clays vary greatly in character, some of the beds being relatively 
pure and others distinctly sandy. On the whole the sandy clays predominate, 
and in many places thin layers of sand are found in the clay beds. 

The Citronelle formation has a very wide range in color. Doubtless when 
fresh some of the materials included in the formation were either blue or gray 
with small percentages of red and yellow, but nearly all the exposures avail- 
able for observation at the present time have been subjected to so much 
weathering that the original colors have been partly or wholly obliterated. 
The sands in most of the sections are either orange or red, though near the 
surface some of them are yellow. This predominance of the orange and red 
colors on weathered surfaces led to the designation of the materials in this 
formation, either wholly or in part, as ‘‘Orange sand.” The clays vary in color 
according to the degree of weathering to which they have been subjected, 
beds that have been buried to sufficient depth to protect them from the oxi- 
dizing effect of the atmosphere or surface water being either pale blue or gray 
Where the oxidation has been slight they are mottled, the first change pro- 
ducing spots or blotches of a light-red or peculiar purplish color. As the process 
of weathering continues the purple color disappears and a deep-red color pre- 
dominates, and still further weathering changes the red color to pale yellow. 
The iron in the clay, which presumably causes the coloring, changes during 
the process of oxidation to hydrous oxide, and on complete weathering of the 
clay to a yellow color the iron becomes more or less aggregated into nodules 
of varying sizes. Somewhat similar aggregations of iron hydroxide occur in 
the sands in the form of concretions and geodes, or as shells inclosing cores of 
clay. In other places the iron accumulates in the form of plates cementing thin 
layers of sand or as a filling for more or less definite cracks that cross the strata 
at high angles. Where the iron hydroxide is disseminated among the sand 
grains or pebbles it transforms the bed into a sandstone or conglomerate. 
This cementation apparently takes place near the surface and as a rule does 
not extend for any great distance along a bed, so that in most places the sand- 
stone and conglomerate are in the form of blocks of varying sizes. The irregu- 
larity in size and shape of these blocks usually prevents them from being 
utilized in construction, even where they are firmly cemented, but south of 
Citronelle, at the 28-mile siding on the Mobile & Ohio Railroad, a hard 
sandstone belonging to this formation has been quarried to a depth of over 
5 feet, and the rock obtained at this locality has been used in the construction 
of a church. 

The texture of the formation in any particular locality depends entirely 
on the arrangement and relative percentages of the different kinds of mate- 
rials. In general, the sands form more or less continuous beds containing 
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lenses of pebbles or clay that in some places have considerable horizontal ex 
tent and in others are limited to only a few feet. Many clay lenses are only a 
few feet to a few rods in extent, though in places they interlock with other 
lenses lying above and below them, and in that way present the appearance 
of a continuous bed, unless it is possible to examine a section in detail. In the 
sands cross-bedding and cross lamination are the rule rather than the excep- 
tion, the layers of clay and pebbles in many places being inclined at high an- 
gles. Smooth, even bedding is comparatively rare except in the clay lenses. 

In this formation, as in many others, pebbles of clay are common, occur- 
ting at many stratigraphic horizons and having a wide geographic distribu- 
tion. Most of them are more or less perfectly rounded balls of clay embedded 
in sand in such a way as to form a lenticular clay conglomerate. In places 
there are more or less rounded blocks of clay in which the original lamination 
is still preserved. Here and there this lamination coincides in direction with 
that of the sands, but as a rule it differs. Doubtless many of the pebbles were 
eroded from the subjacent clay by the currents that transported the sand. 
Some of the pebbles and probably most of the angular fragments were de- 
rived from the undercutting of small cliffs developed by waves or currents. 
This explanation for blocks of clay embedded in sand was first suggested by 
T. Wayland Vaughan to account for similar clay fragments found in some of 
the sands of the Wilcox formation, but it is also applicable to such clay frag- 
ments in the Citronelle formation. 


The published information concerning the thickness of the Citro- 
nelle (?) formation in south Louisiana is very unreliable. East of the 
Mississippi River this information is confined largely to a series of 


graphic well logs on which Matson! placed his correlation. These wells 
are located at Bass (106-mile siding) in East Baton Rouge Parish, at 
Bayou Sara in West Feliciana Parish, and at Woodville, just north of 
the Louisiana line in Mississippi. On one of them, the Bayou Sara 
well (elevation 50 feet), the base of the Citronelle is placed at slightly 
more than 300 feet, and the base of the Pascagoula clay at (?) slightly 
more than 500 feet, below which to a depth of slightly more than 2,300 
feet the formations are indicated as Oligocene and Eocene. To ex- 
plain such correlations, one must surmise that they were made with- 
out the aid of paleontology, and on the assumption that these 
formations had a similar thickness in Louisiana to what they were 
supposed to have in Alabama. To illustrate how far out of line these 
estimates really are, the author cites a well drilled by the Vacuum Oil 
Company, in T. 1 S., R. 5 W., near Angola, in West Feliciana Parish, 
the cores of which were examined by the author some years ago. The 
log of the well shows abundant sand and gravel to a depth of 974 feet, 
which can scarcely be considered older than Pliocene, and which must, 
therefore, be referred to the Citronelle (?) formation. The first Mio- 
cene Foraminifera were encountered in a core at 3,213 feet. The last 


1G. C. Matson,, op. cit., Pl. XLIII. 
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core examined was from a depth of 4,425-43 feet and was certainly 
not older than Catahoula in age. The well was abandoned at 4,626 
feet without having passed through the Catahoula. From the evidence 
afforded by the Vacuum well, the present writer would be more in- 
clined to suspect that the beds of gravel shown in the log of the Bayou 
Sara well between 1,500 feet and 1,900 feet belonged to the Citronelle 
(?) than to “Oligocene and Eocene.” 

West of the Mississippi, Howe and Moresi' have shown that Pli- 
ocene and younger gravels which may be referred to the Citronelle (?) 
extend to a depth of 3,300 feet in wells drilled on the sides of Jefferson 
Island, in Iberia Parish. What portion of these gravel deposits in 
south Louisiana should be referred to the Pliocene, and what to the 
Pleistocene is still very difficult to determine. The writer, however, 
is under the impression that most of the beds Matson referred to the 
Citronelle in his well correlation should in reality be referred to the 
Pleistocene. 

Like the previously discussed Miocene, the Citronelle (?) gravel 
horizon tends to become marine in the extreme southern part of Lou- 
isiana, and in the salt dome section of southwest Louisiana, between 
the line of the Southern Pacific Railroad and the Gulf, it is not un- 
common for wells to encounter beds of Rangia cuneata within the 
horizon which carries gravels. As many of the overlying Pleistocene 
and Recent sediments of the lower Mississippi delta adjacent to the 
present shore line of the Gulf of Mexico are likewise fossiliferous, some 
difficulty is encountered in drawing a sharp line between the Pleisto- 
cene and the Pliocene. For a comprehensive and able discussion of the 
Mollusca encountered in early wells drilled in Terrebonne Parish the 
reader should consult the paper by Harris* which contains extensive 
lists of fossils determined by Miss Maury. In commenting on these 
wells, the statement is made: 

It is interesting to note, in studying shells from the Gymnasium well at 
New Orleans from a depth of only 1,200 feet, that they comprise more new 


species, or species not now known to be living in the Gulf waters, than are 
obtained from the much deeper wells in Terrebonne Parish. 


One of the wells was drilled to more than 3,000 feet, but all beds en- 

countered were considered by Miss Maury to be Pleistocene. 
Various names have been applied to the outcropping Pleistocene 

formations which overlie the Citronelle (?) gravels. The Beaumont 


1H. V. Howe and C.K. Moresi, Louisiana Dept. Conserv. Geol. Bull. 1 (1931), 
Pp. 97- 

2 G. D. Harris, “Oil and Gas in Louisiana,” U. S. Geol. Survey Bull. 429 (1910), pp 
104-73. 
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clay! was mapped by Hayes and Kennedy as crossing the Sabine 
River just north of Orange and extending into Louisiana along a line 
which passes just to the north of Lake Charles. These beds carry 
abundant marine fossils in wells scarcely more than 20 feet deep at 
Lake Charles. East of the Mississippi, the famous locality at Port 
Hudson, in the northwest corner of East Baton Rouge Parish, has 
furnished the type locality for a brackish water phase of the late 
Pleistocene.? However, to emphasize the difficulty of attempting to 
assign definite formational names to the varied deposits of late Pleis- 
tocene time, the writer quotes the still appropriate remarks of Harris,* 
made nearly thirty years ago. 


The longer the geology of southern Louisiana is studied the more futile 
appears the attempt to make satisfactory subdivisions in the Quaternary de- 
posits—subdivisions that have any definite time or structural limits. Dif- 
ferences in conditions of deposition during the same period of time have 
produced results that vary greatly in different localities. The same differences 
in conditions of deposition that we see to-day at different places in southern 
Louisiana, producing the sea-marsh clays with vegetable and brackish-water 
organic inclusions, the yellow sand ridges with an abundance of purely ma- 
rine life, the purely fresh-water alluvium, and the alluvium intermingled with 
marine sands at the mouths of the larger rivers, all seem to have existed 
throughout Quaternary times. The mistake that has been made in assigning 
to the ‘‘Port Hudson group” a special place in geologic time may well be il- 
lustrated by the case of the casual theater-goer who drops in on a play on the 
last evening of the season and observes with care and interest the personae, 
costumes, etc., throughout the different acts and scenes of the performance 
and afterwards records the fact that this particular play was given at this 
place at this particular time. The inveterate theater-goer, on the other hand, 
may see nothing of special interest in these facts, for he may know that that 
play had been running at that place not only that particular night but during 
the whole season. The swamp condition of the ‘‘Port Hudson” has been truly 
reproduced, with its clays, ‘black muck,” and logs, to a depth of over 800 feet 
in the wells of southwestern Louisiana; the estuarian clay condition (Pont- 
chartrain clay) is accurately reproduced at depths of 80, 500, 1,200, and best 
of all at 1,800 feet beneath the surface; the marine sands may be found at 
various depths. Thick beds of so-called Lafayette gravel are often interspersed 
with these ‘“‘Port Hudson” elements. 

It seems, therefore, that if there is anything to be gained by applying a 
name to clays that were evidently deposited in brackish-water bays, estuaries, 
and lakes along the Gulf border, some such term as “Pontchartrain clays” 
may be used, with the understanding, however, that the name shall denote a 
particular kind of deposit or phase of deposition having no special time value. 


1 Named by C. W. Hayes and William Kennedy, U.S. Geol. Survey Bull. 121 (1903) 
Pp. 27-29. 
2 See E. W. Hilgard, A mer. Jour. Sci., 2nd. Ser., Vol. 48 (1869), p. 332. 


3 G. D. Harris, “Underground Waters of Southern Louisiana,” U.S. Geol. Survey 
Water-Supply Paper 101 (1904), pp. 21-22. 
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So, too, the deposits, mainly alluvial, containing a large amount of vegetable 
matter, especially stumps and trunks of trees, may, if necessary, be classed 
as Port Hudson clays; and marine sands may be referred to as Biloxi sands; 
but in all cases the terms must be understood as denoting mere phases of 
deposition, not stratigraphic units. 


DISCUSSION 


A. F. Criper, Shreveport, Louisiana (written discussion received, May 
4, 1933): Dr. Howe has pointed out two objections to the use of the term 
Wilcox. These are (1) lack of priority and (2) the better type locality of the 
name Sabine. He has reviewed the history of the use of the various names for 
the assemblage of sand, clay, lignitic material, calcareous marl, and limestone 
which come in between the Claiborne above and the Midway below. 

If priority alone shall govern, then the term Lignitic, as defined and used 
by Hilgard in Mississippi and adopted by Smith in Alabama, should stand. 
But by general usage and in accordance with the rules of geologic nomencla- 
ture, lithologic names of formations have been discarded for locality names. 
Priority of use is not, therefore, the absolute basis for the establishment of 
names of geologic formations. 

In Wilcox County, Alabama, the present type locality for what has been 
called ‘“Lignitic’” by Hilgard and Smith, the entire Wilcox group, as then 
known, is exposed. Dr. Smith, as early as 1887, separated this group into four 
sub-stages or formations, and carefully described each, giving the names of 
the characteristic fossils in each marine bed. 

The objection has been raised that the time equivalent of the Wilcox, in 
Wilcox County, Alabama, is not traceable across Mississippi, Arkansas, and 
the upper gulf embayment, and for that reason, the term “‘Sabine’”’ should be 
substituted for the name Wilcox, because of the better type locality of Sabine. 

Let us analyze the objection. Veatch says:! 

In Alabama, this formation, which has long been called the Lignitic, contains several 
fossiliferous horizons that are closely related from a paleontologic standpoint, but show 
faunal differences which have led to the recognition of four substages. . . . No distinc- 
tive marine fossils have yet been found in the lignitiferous time equivalent of this for- 
mation in Mississippi,? Arkansas and the upper embayment region, but along the Sa- 
bine River in Louisiana and Texas, in the same position relative to the embayment as 
the Alabama deposits, are developed fossiliferous beds showing the same facies. 

Veatch recognized the type section in Alabama as being all that could be 
wished for and admitted that the Sabine section occupies the same relative 
position as the Alabama section. The faunal assemblage of the Lignitic was 
well known, and he added nothing new to this phase of the formation, and 
there was nothing new added to the near-shore deposits. All that Veatch ever 
claimed for the name Sabine was that it was the same as the old term, Lig- 
nitic. 

My description of the type section of the Wilcox may not have been as 
clear and complete as it should have been, but it was not the fault of the type 
locality. It does not seem justifiable, at this late date, to change the name of 
Wilcox to Sabine because of the better type locality of the latter. 


1 A, C. Veatch, “Geology and Underground Water Resources of Northern Louisi- 
ana and Southern Arkansas,” U. S. Geol. Survey Prof. Paper 46 (1906), p. 35. 


2 As a matter of record the marine Wilcox has been discovered in eastern Missis 
sippi. 
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Recent drill cores, far down the dip from the outcrop of the Wilcox, show 
that only a small part of the Wilcox is exposed at the surface from Alabama 
to Texas. Approximately 1,700 feet of Wilcox has been recognized in a well 
in southern Alabama and in wells drilled far down the dip of the Sabine uplift, 
while Veatch places the thickness of the formation at his type locality as only 
goo feet. New beds come in down the dip from the outcrop, so that the Wilcox, 
far down the dip, differs more from what it is at Veatch’s type locality, than 
the original Lignitic in Alabama differs from Veatch’s type locality of the 
Sabine in Louisiana. 

In all of the literature since 1906, the type locality of the Wilcox has been 
referred to Wilcox County, Alabama. There has been no confusion in the 
minds of geologic writers on this point. 

If the question of substitution of the name Sabine for Wilcox is to be con- 
sidered at this late date, after the name Wilcox has been in general use in the 
literature of all of the states where the formation is exposed at the surface, in 
the United States Geological Survey publications, and in foreign publications, 
let it be on priority alone and not because of the better type locality of Sabine. 
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VOL. 17, NO. 6 (JUNE. 1933). PP. 656-679, 11 FIGS. 


STRUCTURE AND STRATIGRAPHY 
KELSEY ANTICLINE 
UPSHUR COUNTY, TEXAS! 


A. R. DENISON,? A. E. OLDHAM, and J. W. KISLING, JR.* 
Fort Worth, Texas, Shreveport, Louisiana, and Tyler, Texas 


ABSTRACT 
The writers describe an area in western Upshur County, northeast Texas, where 
surface and subsurface evidence demonstrates the presence of an anticline having more 
than 100 feet of surface and 300 feet of subsurface closure. They trace the geologic his- 
tory of this area through Cretaceous and Tertiary deposition and demonstrate that the 
anticline first became a structural trap in Wilcox time. They reach the conclusion that 
the structure was formed too late to allow accumulation of oil in the Woodbine sand. 


INTRODUCTION 


Acknowledgments.—The writers are indebted directly and indi- 
rectly to many individuals for suggestions and helpful criticisms. 
Formation contacts, wherever possible, are based on paleontological 


evidence. These determinations are from several sources, but particu- 
lar thanks are due N. L. Thomas and Harold Herndon. A. E. Oldham 
is responsible for all areal and surface geology, including stratigraphy. 
Subsurface geology and stratigraphy are by J. W. Kisling and geologic 
history by A. R. Denison. 

Location.—The Kelsey anticline is located in Upshur County, 
northeast Texas, 7 miles west of Gilmer, the county seat. The anti- 
cline derives its name from the former post-office of Kelsey located 
on the axis of the structure at its south end. Its location with respect 
to important Woodbine oil fields is shown in Figure 1. Geologically, it 
is situated across the axis of the East Texas basin, if extended (Fig. 2). 
The uplift appears to separate what otherwise would be a continuous 
synclinal axis extending from Texas, northeast into Arkansas. 


History OF DEVELOPMENT 


The Kelsey anticline was discovered for the Amerada Petroleum 
Corporation by A. E. Oldham, then in its employ, in June, 1928. A 


1 Published by permission of Amerada Petroleum Corporation. 
2 Geologists, Amerada Petroleum Corporation, Fort Worth and Tyler. 
§ Geologist, Arkansas Natural Gas Company, Shreveport. 
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Fic. 1.—Map of northeast Texas showing principal oil fields producing from Wood 
bine sand and area discussed in this paper. 
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Fic. 2.—Map of northeast Texas showing normal outcrops of Wilcox formation 
basin axes, and relation of Kelsey Wilcox inliers to these features. 
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TABLE I 


GENERALIZED SECTION OF FORMATIONS FOR KELSEY AREA 


Series 


Group 


Formation 


Thickness 
in Feet 


Character 


Eocene 


Weches 


40 


Glauconite and glauconitic clays, 
few fossils, weathering to iron 
ore in exposed areas 


Queen City 


Alternating sands and clays, 
much recemented sand on sur- 
face. Lignites near top 


Reklaw 


Fossiliferous, micaceous, glau- 
conitic sands and clays, choc- 
olate in color. Venericardia 
pianicostata in abundance 


Carrizo 


Argillaceous sand, non-fossilifer- 
ous. Claiborne in lithology 


Wilcox 


798-1 ,030 


Non-marine, clear quartz sand, 
gray micaceous sandy clay 
and lignitic clay 


Midway 


591-645 


Blue and gray clays with calca- 
reous sandy streaks and sider- 
ite boulders. Bottom 25-50 
feet calcareous 


Navarro 


Gray, calcareous, fossiliferous 
shale. Nacatoch represented 
by 100-150 feet of gray shaly 
sandstone, slightly glauconitic 


Upper Taylor 
(Marlbrook) 


Gray, calcareous shale and mar] 


Pecan Gap 


White and gray chalk, bottom 
100 feet with calcareous shale 
breaks 


Lower Tay- 
lor 


Austin 


Light to dark gray shale and 
gray and greenish gray sandy 
shale and sand; shale slightly 
calcareous and may be mica- 
ceous and glauconitic. Sands 
may be limy and glauconitic 

Hard gray, fossiliferous chalk 
with hard gray, calcareous 
shale breaks, conglomerate at 
base 


Eagle Ford 


Hard, dark gray, non-calcareous 
shale and sandy shale. Sandy 
material glauconitic and in 
places carries finely dissemin- 
ated lignite 
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TABLE I (Continued) 


| Woodbine | 350-456 | Predominantly sands and sandy 

shales with dark gray, green- 
ish, purple, and red shales. 
Sands may be ashy, bentonit- 
ic, or chloritic with much lig- 
nite; and grains range from 
fine to small pebbles. Some 
shales are bentonitic and carry 
lignite. Purple and greenish 
shales give mottled effect. 
Near shore fossils are rare 


Washita 5 | Hard, brownish gray, slightly 

shale calcareous shale, containing 
(Del Rio?) specks of lignite and mega- 
| fossils 
| Washita) ——————_ ——— | — 


Washita | 788 | Hard, white and gray crystalline 
limestone | limestone and shaly limestone 
(Georgetown! and hard gray calcareous shale 
et cetera) 
| Co- 
manche| F Edwards, et | 257 Hard, pearl gray, finely crystal- 
i line limestone and dark gray, 
limy shale 


| Hard, white, gray and greenish, 
| fine-grained lignitic sandstone 
and gray and red shales 


Glen Rose Predominantly hard gray, crys- 
talline limestone and gray, 
limy shale. Some gray, fine- 
grained, lignitic, micaceous 
sands and sandy shales, and 
red and green shales, are inter- 
bedded with limes and cal- 
careous shales 


block of acreage covering the structure was assembled in July and 
August, 1928. Early in 1929 a location was made by the corporation 
for the C. K. Wade No. 1 in the J. H. Fields Survey. Drilling com- 
menced March 21, 1929, and the well was abandoned September 26, 
1929, at a total depth of 6,153 feet. There was no additional develop- 
ment on this anticline until 1932, when the following wells were com- 
pleted. 
Pilot and Snebold’s J. G. Ray No. 1, A. H. Woods Survey 
Commenced, November 24, 1931. Completed, February 11, 1932 
Gillett, Tarr, and Potter’s D. A. Irons No. 1, D. B. Lucas Survey 
Commenced, January 14, 1932. Completed, February 18, 1932 
Mannus and Snuggs’ G. C. Pool No. 1, S. J. Pounds Survey 
Commenced, May 19, 1932. Completed, June 18, 1932 


J. P. Evans’ Mrs. S. A. Bell No. 1, Wm. McFadden Survey 
Commenced, September 15, 1932. Completed, November 3, 1932 


All of these wells were drilled on acreage included in the original block 


| | Paluxy 343 
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of leases. All five wells penetrated the entire Woodbine section of 
Upper Cretaceous age and reached Washita limestone of Lower Cre- 
taceous age. None reported an appreciable showing of oil or gas. As 
shown by the subsurface maps (Figs. 5, 6, 7), three of these wells are 
along the north-south axis of the structure, and one is east and one 
west of the axis. 


STRATIGRAPHY 


The description of the formations, both exposed and unexposed, 
which follows is primarily for the area of the surface structure and 
for the wells drilled on the structure. Many of the characteristics 
mentioned, however, are common to these beds throughout a much 
wider area than that discussed in this paper. 


EXPOSED BEDS 
EOCENE 


Sparta.—This formation is present as a thin veneer capping the 
Weches hills and is typically coarse, white, friable sand. 

W eches.—The Weches consists of glauconite and glauconitic clays, 
having a thickness of 40 feet in this area. The iron silicate of the glau- 
conite weathers to the oxides which, being very resistant to erosion, 
hold up hills that are the most prominent topographic features in East 


Texas. There are few fossils in the Weches in this part of the East 
Texas basin. 

Queen City.—Overlying the Reklaw is a section of alternating 
sands, clays, and sandy clays, having a thickness of approximately 
400 feet. In this section, 110-130 feet above the base of the Reklaw, 
are a few scattered exposures of glauconitic sand which are correlated 
with the Omen member of Smith County and the region farther south. 
Alternating sand and clay layers form many seeps and springs which 
are conducive to leaching and redeposition of iron, so that the Queen 
City surface is characterized by considerable recemented ferruginous 
sandstone. Lignite layers are common especially in the upper 100 feet 
of section. 

North of Rhonesboro, a considerable area is marked by an occur- 
rence of white, evenly sorted, very fine-grained, quartzitic sandstone 
boulders. Reed impressions are common. The lithology is very differ- 
ent from that of the country rock. Material similar in texture and ap- 
pearance is to be seen in the Goliad sandstone at the base of the Rey- 
nosa in South Texas and in similar sandstone occurrences at the base 
of the Citronelle in East Texas and Louisiana. Inasmuch as similar 
boulders have been observed throughout a wide area, lying on sur- 
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faces of formations from Navarro to Sparta in age, it is believed that 
they represent indurated material developed on an old peneplain, 
probably basal Pliocene in age. 

Reklaw.—The Reklaw is essentially laminated, glauconitic, choco- 
late, sandy clay. There is a gradual transition from the sand of the 
Carrizo to glauconitic sands, then glauconitic clays, with no trace of 
unconformity. Fossils are present from the lowest glauconitic layers 
through about 45 feet of section. Venericardia planicostata casts are 
present in abundance, especially near the base and at the top of this 
interval. Exposures of these beds are numerous within a radius of 2 
or 3 miles from the village of Kelsey. Especially north and west from 
the high, a considerable ferruginous clay zone occurs above the fossils. 
Though no fossils were observed, its general appearance suggests that 
it should be classified with the Reklaw. 

Carrizo.—The Carrizo is not extensively developed in this area. 
Between lignitic Wilcox shales and the Reklaw, however, there is 
15-20 feet of argillaceous, orange-red sand, certainly Claiborne in 
lithology, which is correlated with the definite Carrizo of the regional 
outcrops. Though the lithologic break is clear, no conformable con- 
tacts with the Wilcox were noted in this area. 

Wilcox.—Only about 50 feet of Wilcox sediments are exposed at 
Kelsey, outcrops having been noted in both Kelsey and Little Cypress 
valleys on the highest part of the fold. They consist of gray, lami- 
nated, non-fossiliferous, slightly micaceous, sandy clays with car- 
bonaceous and lignitic layers. There is a considerable quantity of 
bentonitic material in the top beds, which is a characteristic occur- 
rence in East Texas. In this area Wilcox shales are differentiated from 
overlying Reklaw shales by the absence of glauconite and fossils, and 
the fact that the carbonaceous material of the Wilcox has a sooty 
black color rather than the smoothly disseminated, waxy, chocolate- 
brown cast characteristic of the Claiborne. 


UNEXPOSED BEDS 
EOCENE 


Wilcox.—The Wilcox formation is represented by 798~-1,030 feet 
of shallow-water deposits which are predominantly sandy. Beds of 
lignite, gray lignitic clays, and sands are interstratified. The sands and 
sandy shales are micaceous and the grains are fine, angular to sub- 
angular, clear quartz. Hard sandstone and siltstone concretions are 
common and are logged as “‘rocks”’ or “boulders.” The siltstone con- 
cretions are calcareous, but some of the sandstone concretions are 
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wholly siliceous. Lignite, either in beds, thin streaks, or disseminated 
particles, and boulders are characteristic features of the Wilcox. 
Midway.—The Midway formation ranges from 591 to 645 feet in 
thickness. It is primarily blue and gray clay and shale. Thin beds of 
calcareous sandy material are present in places and hard siderite 
concretions are numerous. The Midway is non-calcareous with the 
exception of the bottom 200 feet, which is distinctly calcareous and 
contains many fossils. This basal calcareous zone thickens from 25 feet 
in southwestern Arkansas to almost the full thickness on the outcrop 
on the west side of the East Texas basin. A small amount of glau- 
conitic sandy shale is generally found at the base of the formation. 


GULF SERIES 


Navarro.—The Navarro, highest Upper Cretaceous, is 550—60c 
feet thick in this area. It is made up of fossiliferous gray, calcareous 
shales and shaly, slightly glauconitic sandstones. For the most part 
the upper 300 feet are gray clays which are more calcareous, finer and 
smoother than the overlying Midway. About 300 feet from the top of 
the formation is a sandy zone, 100-150 feet thick, which is the Naca- 
toch sand member. There is no clean sand body present, the section 
being wholly gray, shaly, slightly glauconitic sandstone. In places it 
is micaceous and contains small amounts of lignite. Below the Naca- 
toch sand is more gray calcareous shale to the base of the formation. 

Taylor.—The Taylor formation is 1,309-1,421 feet thick. It is 
divided into three parts: Upper Taylor shale, Pecan Gap chalk, and 
Lower Taylor shale. 

The Upper Taylor shale is 180-200 feet thick and consists of gray 
calcareous shale and marl with hard chalky streaks near the base. 

The Pecan Gap chalk, as herein defined, is gray to white, and has 
a uniform thickness of 400 feet. The bottom too feet is broken with 
gray calcareous shale streaks. The Pecan Gap is easily recognized by 
the drillers in this area because it is hard and the cuttings make the 
drilling mud milky. 

The Lower Taylor shale varies in thickness from 729 to 800 feet. 
The upper part is dark gray, slightly calcareous and micaceous shale, 
becoming sandy and glauconitic with depth. A 70-foot sand body 
carrying salt water is found 300 feet above the base of the Taylor. 
This sand is firm, gray, slightly calcareous, and glauconitic. Below the 
sand, to the base of the Taylor, are shale and sandy shale, slightly cal- 
careous, micaceous, and glauconitic. 

Austin.—Forty to 65 feet of hard gray fossiliferous chalk with 
hard calcareous shale streaks make up the Austin. The base is marked 
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by a thin pebble conglomerate. The pebbles range in size from $ to 1 
inch in diameter and are well rounded and predominantly black, and 
are united by a chalky cementing material. 

Eagle Ford.—As defined in this paper the Eagle Ford consists of 
65-75 feet of shale and sandy shales lying immediately below the 
Austin chalk. These sediments are fossiliferous and range from black 
smooth shales to gray sandy shale. The sandy material is micaceous 
and commonly contains glauconite and finely disseminated lignite. 
Finely laminated gray shale and lighter gray sandy shale having a 
wavy appearance are characteristic. 

W oodbine.—The Woodbine, as herein differentiated, has a thick- 
ness of 350-456 feet and is made up of sands, sandy shale, and shales, 
with the sandy material predominating. The sands are gray to green- 
ish gray and range in texture from fine-grained to small pebbles. The 
sandy members are generally ashy and micaceous and ordinarily 
chloritic and lignitic. The cleanest, most porous sands are in the bot- 
tom 200 feet of the formation. The shales are gray, commonly lignitic, 
red, green, and purple. The vari-colored shales are the product of oxi- 
dation and occur at irregular intervals throughout the section; hence 
they are of little value in close correlation. The ash and bentonite 
also range from top to bottom of the formation with the ash ordinarily 
occurring as cementing material for the sands. Beds and chips of lig- 
nite and a few near-shore fossils indicate shallow-water deposition. 


COMANCHE SERIES 


Washita shale (Del Rio?).—At the top of the Lower Cretaceous is 
25-42 feet of hard brownish shale which is thought to be the equiva- 
lent of the Del Rio. The shale is slightly calcareous and contains small 
specks of lignite and numerous mega-fossils. Although elsewhere, as 
on the Sabine uplift, there is a notable erosion interval between the 
Gulf and Comanche series, the Woodbine in this locality merges 
gradually into the Washita shale without evidence of unconformity. 

Washita limestone.—This group has not been subdivided into its 
members. The only well in the area to completely penetrate the 
Washita, the Amerada Wade No. 1, had 788 feet of section. This is 
mostly hard white and gray crystalline limestone with a minor amount 
of shaly limestone and hard gray calcareous shale. 

Fredericksburg.—The Amerada Wade No. 1 had 257 feet of hard, 


pearl gray, finely crystalline limestone and dark gray limy shale which 
has been determined as Fredericksburg in age. 


Trinity.—A Trinity section of 1,186 feet has been penetrated. It 
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is divided into the Paluxy sand, 343 feet thick, and Upper Glen Rose 
limestone, 843 feet thick. 

The Paluxy sand is chiefly hard, fine-grained, lignitic, white, gray 
and greenish porous sand. A few thin beds of gray and red shale, very 
similar to beds in the Woodbine sand, are interbedded with the sand. 

The Glen Rose section penetrated by the drill is predominantly 
hard, gray, crystalline limestone and gray limy shale. There are a few 
thin bodies of gray, fine-grained, lignitic, micaceous sands and sandy 
shales and some red, green, and brown shales. From correlation with 
other wells in the East Texas basin it is believed that the Amerada 
Wade No. 1 at its total depth of 6,153 feet is about 100 feet above the 
Glen Rose anhydrite section. 


SURFACE STRUCTURE 


The Kelsey anticline occupies an area where the Queen City mem- 
ber of the Mount Selman formation should normally crop out in the 
axis of the East Texas basin. Areally, it is defined by an inlier of 
Wilcox, surrounded in order by the younger Carfizo, Reklaw, and 
Queen City beds (Fig. 3). The Wilcox inlier is 15 miles south of the 
nearest outcrop of similar beds and 20 miles northwest of the nearest 
Wilcox exposures on Sabine River southwest of Longview (Fig. 2). 
Southwest of the inlier the Weches outcrop forms a high dissected 
scarp standing out 200 feet above the Queen City plain. On the south 
and east, outliers of Weches are found for a distance of several miles. 
These stand out as high flat-topped mesas having about the same ele- 
vation as the regional outcrops on the southwest side of the area. 
Remnants of Sparta cap the Weches hills and are the youngest beds 
exposed in this locality. 

The area is drained by Kelsey and Little Cypress creeks. Appar- 
ently, the former has been diverted somewhat from a normal north- 
easterly course by the anticlinal folding, its present position forming 
a considetable curve, convex toward the south (Fig. 4). This may indi- 
cate that the south end of the uplift has undergone the more recent 
movement. The secondary drainage of both creeks is generally den- 
dritic in character. 

The Kelsey anticline is a broad, wedge-shaped structure, pointed 
toward the south (Fig. 4). The major folding occurred along an axis 
trending N. 20° W., but a subsidiary feature has almost a north-south 
trend so that the present shape is bilobate at the north end. The evi- 
dence suggests that the depression between the lobes overlies a deep- 
seated downthrown block, but no concrete evidence of faulting is dis- 
cernible in the surface beds, nor is there subsurface evidence of such 
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a condition. The two lobes converge just north of the townsite of Kel- 
sey, where the highest structural elevations were found. 

An east-west profile through the Kelsey townsite shows that sur- 
face beds are uplifted more than 200 feet above their normal position 
along the strike. There is more than 100 feet of measurable north 
closure and an additional 50-100 feet may be inferred from the areal 
distribution of beds. The area directly affected by the uplift of the 
Kelsey anticline is approximately 150 square miles and its indirect 
influence extends over an area twice as large. In both these respects 
it equals or exceeds similar conditions in and around the Van oil field 
in Van Zandt County. 


SUBSURFACE STRUCTURE 

Pecan Gap.—The structure on top of the Pecan Gap is shown in 
Figure 5. On this map the axis of folding has a northwest-southeast 
trend both from wells on the anticline and in surrounding areas. In 
this respect it resembles somewhat the major surface structural axis. 
On this horizon the anticline shows 300 feet of closure. There is less 
control for north dip than in any other direction, but wells in Camp 
County, north of the area shown on the map, give adequate evidence 
of the north closure. 

The Pecan Gap dips very gently west and northwest across the 


East Texas oil field into the syncline in central Upshur County, then 
rises gently to the crest of the Kelsey anticline. There is a very steep 
dip from the crest of the anticline west and southwest into Wood 
County. Datum figures on the Pecan Gap in the five wells drilled on 
the anticline are all higher than on any wells in the East Texas oil 
field. 


Austin chalk.—On the Austin chalk (Fig. 6) the axis of the anti- 
cline has a north-south direction resembling the minor surface axis. 
There is a gentle east dip into the syncline in central Upshur County 
which is somewhat east of the syncline on the Pecan Gap. A regular 
but very gentle westward dip is seen on this horizon across the East 
Texas oil field. The sharp west and southwest dip from the crest of 
the Kelsey anticline shown on the Pecan Gap structure is also present 
on the Austin. There are 250 feet of closure and 400 feet of reverse 
(east) dip on this horizon. Datum figures on the Austin Chalk in all 
five wells drilled on the Kelsey anticline are higher than in any wells in 
the East Texas field save a few on the extreme east edge. 

Lower Cretaceous.—There is only very scattered control for con- 
tours on the Lower Cretaceous outside of the five wells drilled on the 
anticline. The axis of the structure is due north and south (Fig. 7). 


HTH 


Y 
Y; 
YY Yj “Y MAY} 
UY) 
YY YYZ 
4 
wenes CARRDD 
Beamer 


Fic. 3.--Areal geology map of Kelsey anticline, showing inliers of Wilcox, Carrizo, and Reklaw. 
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Fic. 4.—Surface structure map of Kelsey anticline, showing bi-lobate character of structure. 
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West dip from the axis is steeper than in the Pecan Gap and Austin 
chalk. Present available data show 250 feet of closure, but more will 
probably be found with additional control in the syncline through 
central Upshur County. Although data are not available to show ac- 
celerated west and southwest dip from the crest of the structure, it is 
believed logical to assume even greater dip than is present on the up- 
per horizons. A very regular northwest dip is present in the Lower 
Cretaceous across the East Texas oil field at more than twice the rate 
of the dip on the Austin chalk. Lower Cretaceous datum figures in the 
wells drilled on the Kelsey anticline are all lower than in any wells in 
the East Texas field, save at the extreme northwest edge. This change 
is entirely due to the greater thickness of the Eagle Ford and Wood- 
bine on the Kelsey structure as compared with the productive area. 
TABLE III 
List OF WELLS UseEp IN Cross Sections A-A (Fic. 8, 8A, 8B) 

. Arcadia Refg. Co., P. S. Johnson No. 1, J. H. Mallory Survey, Upshur County 

. Gillett, Tarr & Potter D. A. Irons No. 1, D. B. Lucas Survey, Upshur County 

. Amerada Petroleum Corp., C. K. Wade No. 1, J. H. Fields Survey, Upshur County 

. J. P. Evans Mrs. S. A. Bell et al. No. 1, Wm. McFadden Survey, Upshur County 

. Sorrels & Duffy J. W. Wooden No. 1, Isham Williams Survey, Upshur County 

. Wood & Nelson H. S. Coslett No. 1, B. F. Howard Survey, Upshur County 

. Penn Oil Gauge No. 1, J. B. Davenport Survey, Upshur County 
8. Eastland Oil O. M. Victory No. 1, E. A. J. Evans Survey, Upshur County 

. Shell R. I. Bassham ef al. No. 1, Wm. H. Castleberry Survey, Gregg County 

. Simms & Stanolind L. E. Persons et al. No. 3, Wm. H. Castleberry Survey, Gregg 

County 


i1. Tidal F. K. Lathrop No. 1, Wm. Robinson Survey, Gregg County 
. Tidal A. B. Castleberry No. 1, Wm. Robinson Survey, Gregg County 


GEOLoGIc History 
UPSHUR COUNTY 

At the close of Lower Cretaceous times, Upshur County had a uni- 
form westward tilting in connection with the rise of the Sabine uplift. 
This movement involved little or no erosion since Washita shales are 
everywhere preserved below the Woodbine. This tilting movement 
continued through Woodbine and Eagle Ford deposition, forming a 
wedge of sediments with increasing thickness from east to west (Figs. 
8B, 9B). This tilting was abruptly terminated at the beginning of 
Austin time when a thin layer of gravel conglomerate was uniformly 
deposited over a wide area. This was followed by submergence, during 
which a uniform thickness of Austin chalk was deposited. During 
early Taylor times, westward tilting was again resumed (Figs. 8A, 9A) 
ona much smaller scale than previously, and probably continued with 
minor interruptions through Cretaceous and Tertiary deposition to 
Wilcox time, when differential movement at Kelsey interrupted the 
regional uniformity of deposition (Figs. 8, 9). Pecan Gap chalk seems 
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to reverse the normal process and thins from east to west (Fig. 9). 
This, however, is believed to represent variation in depositional condi- 
tions since the total thickness of Taylor beds, of which the Pecan Gap 
is a member, normally increases westward. 


TABLE IV 
List oF WELLS USED IN Cross Sections B-B (FIG. 9, 9A, 9B) 
13. F. B. Parriott Stuart No. 1, M. H. Ussery Survey, Wood County 
. Sinclair-Prairie & Replogle Mary Saner No. 1, J. M. Candler Survey, Wood County 
. Mannus & Snuggs G. C. Pool No. 1, S. J. Pounds (E) Survey, Upshur County 
3. Amerada Petroleum Corp. C. K. Wade No. 1, J. H. Fields Survey, Upshur County 
. Pilot & Snebold J. G. Ray et al. No. 1, A. H. Wood Survey, Upshur County 
. Home Oil Mrs. F. D. Futtrell No. 1, A. Lumbrera Survey, Upshur County 
’. Scott & Ashford D. Douphrate No. 1, Torres Survey, Upshur County 


KELSEY ANTICLINE 

At the close of Lower Cretaceous time, concurrently with the 
westward tilting of Upshur County, a slight differential movement 
occurred at Kelsey, along a north-south line, which elevated the 
Lower Cretaceous at Amerada Wade No. 1 above its position at 
Gillett, Tarr, and Potter’s Irons No. 1 and J. B. Evans’ Bell No. 1, 
(Fig. 8B). This movement did not affect the entire present anticlinal 
area, since the east-west section (Fig. 9B) shows normal westward 
thickening of the Woodbine and Eagle Ford. 

The Kelsey area had normal deposition in the Austin, but in Tay- 
lor time there was a slight differential warping, allowing a thinner 
section to be deposited under Gillett, Tarr, and Potter’s Irons No. 1 
than under any of the other four wells on the anticline. Deposition 
again was normal, giving westward thickening of beds across the 
anticline until Wilcox time. Distinct differential warping, which prob- 
ably continued through Wilcox deposition, gave a thickness of 1,030 
feet of this formation in the Pilot Ray No. 1 as compared with 830 
feet in Amerada Wade No. 1. This movement probably affected the 
entire anticline and produced, for the first time during depositional 
history, a closed structure. Insufficient data are available to determine 
whether the differential movement which started in the Wilcox con- 
tinued through the remainder of Claiborne time. Subsequent to 
Sparta deposition, notable broad warping, affecting the western half 
of Upshur County, arched the entire geologic section in the form it 
now has and produced the Kelsey anticline. This movement probably 
again coincided with the final arching of the Sabine uplift. 


RELATION OF SURFACE TO SUBSURFACE STRUCTURE 


There is a close coincidence between the highest surface point and 
the highest subsurface point on the Kelsey structure. Amerada Wade 
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No. 1 occupies this point on both surface and subsurface structure 
maps. This close relationship is not found when comparing the other 
four wells drilled. The Gillett, Tarr, and Potter Irons No. 1 and the 
Manus and Snuggs Pool No. 1 are on the same surface contour, but 
there is 196 feet of west dip on top of the Washita limestone. On the 
surface there is 55 feet of north dip from Amerada Wade No. 1 to 
Gillett, Tarr, and Potter’s Irons No. 1, though on the Washita lime- 
stone there is only 6 feet. In general, the direction of dip is the same 
on surface and subsurface, but may be decreased or accentuated on 
the lower horizons. 

Subsurface evidence indicates a north-south axis with accentuated 
westward dip and without the bi-lobate character present on the sur- 
face. This discrepancy is accounted for in part by a normal thicker 
section extending from east to west, and in part by differential deposi- 
tion of Tertiary beds, resulting in a thicker section on the flanks of 
the structure than on the crest. 

There is surface evidence for 100-200 feet of closure; on subsurface 
beds there is 300-400 feet of closure. As noted under Subsurface 
Structure, there is less closure on the Austin and Lower Cretaceous 
than on the Pecan Gap. This is again evidence that there was little or 
no folding at Kelsey until after Cretaceous time. On the Van struc- 
ture, in Van Zandt County, there is no measurable closure on equiva- 
lent surface beds (Reklaw-Carrizo), but closure may be present in the 
Wilcox. Subsurface structure on the Lower Cretaceous shows closure 
of 2,000 feet or more. The Van structure had differential movement 
giving a thinned section at least from Woodbine on through Upper 
Cretaceous and probably Tertiary time. 


SUMMARY AND CONCLUSIONS 


The presence of an anticline having been demonstrated at the sur- 
face, marked by areal and structural evidence with more than 100 
feet of closure, and this evidence having been substantiated by sub- 
surface structure with more than 300 feet of closure, the question 
arises as to why this pronounced structure contained no oil accumula- 
tion in the Woodbine sand. 

Oil accumulation in the Woodbine sand occurs in the following 
types of structure. 


1. Closed structure against a fault (Mexia-Powell) 

2. Closed structure with subsidiary faulting (Van) 

3. Closed structure against a fault associated with a salt dome (Boggy Creek) 
4. Closed structure due to sand pinching-out up the dip (East Texas field) 


All these types have one feature in common, namely, closed structure. 
This feature is shared by the Kelsey anticline. Three of the types have 
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faulting associated with accumulation; no such condition can be dem- 
onstrated at Kelsey. There is also adequate evidence that no “pinching 
sand”’ condition is present at Kelsey. 

A factor which all four types of producing structures have in com- 
mon and which is not in evidence from the foregoing classification, is 
closed structure forming a trap in Cretaceous time. As has been dem- 
onstrated under Geologic History, Kelsey was not a closed structural 
trap until Wilcox time. Based on our present knowledge, this appears 
to be the most logical reason for the lack of oil accumulation on the 
Kelsey anticline in the Woodbine and other members of the Gulf se- 
ries. Several known productive horizons, including the gas “‘pay”’ of 
the Rodessa and Bethany fields, at the base of the Glen Rose an- 
hydrite section, have not been reached by any well drilled thus far 
and their productive possibilities remain unknown. 
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RESULTS OF STRUCTURAL RESEARCH WORK IN 
BEARTOOTH-BIGHORN REGION, MONTANA 
AND WYOMING! 


W. H. BUCHER; R. T. CHAMBERLIN; and W. T. THOM, JR.‘ 
Ohio, Illinois, and New Jersey 


ABSTRACT 


Recent structural studies have confirmed or established the following facts regard- 
ing the tectonics of the Beartooth-Bighorn region: (1) the Big Horn Basin is featured 
by peripheral folds (characteristically asymmetrical), apparently due to differential 
movement on basement faults; (2) the Pryor Mountains consist of four crustal blocks, 
each uplifted at the northeast corner, and bounded on the north and east by faults 
merging into monoclines; (3) there are local overthrusts on both the eastern and western 
sides of the Bighorns; (4) there is southward overthrusting south of the Wind River 
Canyon; (5) there are eastward, northward (and southward), and southwestward 
thrusts around the Beartooth Range. 


INTRODUCTION 


The Beartooth-Bighorn region of Montana and Wyoming was 
chosen as a field for structural research because of the unusual op- 
portunities it seemed to offer for a solution of fundamental problems 
of mountain building and of crustal deformation. Convergent and co- 
érdinated attacks have been made upon these central problems, using, 
respectively, structural, stratigraphic, paleontologic, petrologic, phys- 
iographic, and geophysical methods, and, though the study is by no 
means completed, many interesting and significant facts and relation- 
ships have been disclosed. Some of the more important of these find- 
ings are summarized in this paper. 


LOCATION OF AREA 


The Beartooth-Bighorn area, shown on the accompanying key 
map (Fig. 1), embraces the Big Horn Basin area of northwestern Wy- 
oming and south-central Montana, its encircling uplifts, and some 
contiguous territories. It includes the unusual volcanic area within 


1 Read before the Association at the Houston meeting, March 25, 1933. Manuscript 
received, March 3, 1933. 


2 Department of geology and geography, University of Cincinnati. 
3 Department of geology, University of Chicago. 


‘ Department of geology, Princeton University, Walter B. Sharp Research Fellow 
aan of The Rice Institute. 
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and adjacent to Yellowstone Park, and it lies just south of the fairly 
definite line separating the elongate, continuously overthrust Front 
ranges of the Northern Rockies, from the “range and basin” region 
of the Central Rockies. 
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F1G. 1.—Sketch map showing structural setting of Yellowstone-Beartooth-Bighorn 
region. Contours show approximate altitude of Dakota or Cat Creek sandstone. 
Adapted from Plate 3 of Sixteenth International Geological Congress Guidebook 24. 
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STRATIGRAPHIC GEOLOGY 


The general stratigraphy of the Beartooth-Bighorn region is so 
well known as to render a detailed discussion of it superfluous for 
present purposes, and the sequence and salient features of the forma- 
tions present will merely be summarized in Table I. 

As shown by Table I, the region is characterized by a relatively 
complete stratigraphic sequence, comprised of Paleozoic limestones 
and shales deposited in widespread, oscillating epicontinental seas; 
Mesozoic and Paleocene shales and sandstones of marine to conti- 
nental origin, revealing by thickness variations the inception of Lara- 
mide deformation in Upper Cretaceous time; and continental Ter- 
tiary and Quaternary basin and flood-plain deposits closely related in 
origin and geographic distribution to the present uplifts and basins 
of the region. 


STRUCTURAL GEOLOGY 


As the familiar geologic map of Wyoming reveals, the elongate 
structural depression of the Big Horn Basin is bordered on the north- 
east and east by the Pryor and Bighorn mountain uplifts; on the 
south and southwest by the Bridger and Owl Creek ranges: and on 
the northwest by the Beartooth uplift (Fig. 1). It has been customary 
to consider the deformational features both of the Big Horn Basin 
and of its included and contiguous uplifts as predominantly the prod- 
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ucts of normal folding under tangential compression. This belief is 
subject to a number of important modifications, as is revealed by the 
following descriptions of the structure of particular tectonic features 
of this region, and by Figure 2. 

Pryor Mountains.—The Pryor Mountains are structurally an 
elongate uplift, plunging both north and south, in which the central 
and higher portion is divided into four segments, bounded by sub- 
surface faults merging into surface monoclinal folds. Each segment 
has been uplifted at its northeastern corner (Fig. 1) and the most 
highly elevated block (the southeastern segment) gives evidence of 
incipient northeastern thrusting at its northeastern corner.’ 


WwW 


Horizontal and vertical scale 


20 Miles 
5s 6° 20 Kilometers 


Fic. 2.—Structure section across Beartooth, Pryor, and Bighorn mountains. Six- 
teenth International Geological Congress Guidebook 24, Figure 11, p. 50. 


Bighorn Mountains.—The Bighorn Mountains are a compound, 
elongate uplift consisting of individual horst-like or ‘“‘trap-door” fea- 
tures in the basement crystalline rocks, over which the mantling sedi- 
ments are passively draped in ‘flats’ and monoclines (Figs. 2, 3, 
and 4). At the north end of the range, the structure is horst-like, the 
flanks of the range being formed by 70°-go° monoclines with nearly 
flat strata between. Near the Montana-Wyoming line, an east-west 
monocline apparently continues the Black Gulch fault across the 
range, and south of this line the west flank of the range is character- 
ized by strong uplift, striking monoclines, and appreciable westward 
overthrusting of this flank, whereas moderate eastward dips prevail 
along the eastern side of the range. Farther south this situation is re- 
versed, dips along the western flanks being fairly gentle, the crest of 
the uplift lying near the east border of the mountains, and local east- 
ward thrusting and striking monoclines being conspicuous on the east 
flank midway between Sheridan and Buffalo. 

East of Tensleep, the crest of the range is crossed by an east-west 
fault, and south of this fracture the uplift appears to consist of several 
rotated basement blocks, each uplifted along its western edge, with 


' Donald L. Blackstone, personal communication. 
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probable westward thrusting along the major fault, which advances 
to the west flank of the range near Big Trails and Nowood. 

Bridger-Owl Creek Range.—Information regarding the structure of 
the Bridger-Owl Creek zone of uplift is as yet limited to that available 
from reconnaissance in the Wind River Canyon, south of Thermopo- 
lis, and from Darton’s maps and reports based upon his early surveys. 
It is known, however, that east of the Wind River Canyon the range 
is strongly asymmetrical, with a steep south flank, and a long, gentle 
north flank, and that a considerable southward overthrust exists at 
the south portal of the Wind River Canyon. West of the canyon, the 
exposed crystalline core of the Owl Creek Mountains seems to be 
bounded by outward overthrusts on both its northeastern and south- 
western flanks. 

Beartooth Mountain-Rattlesnake Mountain uplift—The Beartooth 
Mountain uplift is an asymmetrical, elongate uplift, the crest line of 
which lies near its northeastern margin and plunges rapidly south- 
eastward to the termination of the range south of the Clark Fork 
Canyon. From this canyon northward and northwestward to the 
Rosebud-Boulder divide, the granitic core of the range is overthrust 
eastward and northeastward at low angles upon the Mesozoic and 
Paleocene formations. In the Boulder drainage there is a suggestion 
of a reversal in the direction of thrusting, and in the Yellowstone val- 
ley just south of Livingston a window of Cretaceous rocks (Cloverly 
formation) shows beneath the Cambrian and demonstrates that a 
southward thrust of several miles has occurred here. From this locality 
to the Devil’s Slide, northwest of Gardiner, the structure has not yet 
been ascertained, but at the Devil’s Slide it can be seen that the Bear- 
tooth block has here been overthrust southwestward on a high-angle 
fault, this fault being traceable southeastward for a dozen miles or 
more and entering Yellowstone Park a mile or so east of Gardiner. 
Exposures of the crystalline and Paleozoic rocks which occur south- 
east of this locality are consistent with the idea that the basement 
fault underlying the steep southwest limb of the Rattlesnake uplift 
near Cody (Fig. 3) is essentially a prolongation of the high-angle 
thrust of the Devil’s Slide-Gardiner fault zone. The Rattlesnake 
Mountain uplift is, moreover, notable because it has been overridden 
by an overthrust sheet of Paleozoic limestones, remnants of which re- 
main as the cappings of Heart Mountain, Sheep Mountain, and other 
near-by topographic features. 

Big Horn Basin.—The Big Horn Basin is a partly topographic and 
partly structural depression. It is evidently a compound feature, 
structurally, and the full extent of its structural complexity is as yet 
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Fic. 3.—View eastward through canyon cut by Shoshone River across Rattlesnake 
Mountain “anticline.” 


Fic. 4.—View southeastward across Shoshone Canyon and dam, showing relation 
of steep west limb of Rattlesnake Mountain “anticline” to basement fault and edge of 
uplifted basement block. 
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unknown, because of the extensive veneer of Eocene sedimentary 
rocks which partially or completely overlap and conceal many of the 
pre-Wasatch deformational features. The margins of the basins are 
roughly paralleled by numerous minor uplifts, many of which may be 
true compressional domes and anticlines. Many of these features, 
however, show the strong asymmetry of cross section observable in 
the Rattlesnake Mountain “anticline,’’ which is revealed by canyon 
exposures to be the result of the ‘‘trap-door” elevation of a tilted base- 
ment block, bounded on its elevated edge by a deep-seated fault 
which underlies the steep limb of the “fold” (Figs. 3 and 4). 

One noteworthy structural feature of the northern part of the Big 
Horn Basin is the line of faulting and folding (parallel to the Lake 
Basin en échelon fault zone) which extends from the central east-west 
monocline of the Pryor Mountains through the Dry Creek oil field; 
the Roscoe, Dean and Nye domes; and the Stillwater and Livingston 
anticlines. 


RESULTS OF STRUCTURAL RESEARCH WORK IN BEARTOOTH- 
BIGHORN REGION 


In addition to the ascertainment of significant details of local 
structure mentioned in the foregoing pages, other results of the struc- 
tural studies in the Beartooth-Bighorn region may be summarized as 
follows. 

1. The nature of the individual structural features studied indi- 
cate that they are characteristically the products of basement block 
or wedge elevation, or rotation under regionally applied compression 

‘rather than the products of simple folding under tangential com- 
pression. The recurrence of characteristic structural trends through- 
out the area indicates that. a system or systems of pre-Cambrian 
faults or lines of weakness have defined the afore-mentioned base- 
ment blocks or wedges, or both. 

2. The merging of monoclines into thrust faults, and the magni- 
tude of the thrusting both seem directly related to the extent to which 
the basement rocks have been elevated in the uplifted (and over- 
thrust) structural element. Thus, in the Pryors, where relative uplift 
of the northeastern corner of the southeast block is about a mile, 
overthrusting is incipient. On the west flank of the Bighorns along the 
Kane-Sheridan highway, where relative uplift is about two miles, the 
(westward) overthrusting is of the order of magnitude of half a mile. 
On the east side of the Bighorns, south of Sheridan, where the uplift is 
considerably greater, the (eastward) overthrusting is much more ex- 
tensive, and similarly along the Beartooth front between Clark Fork 
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GEOLOGICAL AND GRAVITY PROFILE—BOXELDER, SOUTH DAKOTA, 


To Copy, Wyominc* 


Pendulum 
Station 
Location 


Stratig. Posi- 
tion of 
Station 


Estimated Thickness of Sedi- 
mentary Formation beneath 
Station (Feet) 


Post- 
Creta- 
ceous 


Meso- 
zoics 


Paleo- 
zoics 


Boxelder, 
S. Dak. 


Upper Pierre 


° 


4,225 


Rapid City, 
S. Dak. 


Top of Min- 
nekahta 


Total 


4,87 


Pactola, 
*S. Dak. 


Top of schist 


Tigerville, 
S. Dak. 


Top of schist 


Moon, 
S. Dak. 


Near top of 
Minnelusa 


75° 


Newcastle, 
Wyo. 


Newcastle 
sandstone 


1,415 


Osage, Wyo. 


4,360 | +28 


Top of 
Mowry 


1,415 | 3,190 


Kara, Wyo. 


| 365 


4,320 | +25 


Top of Pierre 


| 
1,415 | 


6,840 


Moorcroft, 
Wyo. 


202 


| 
14,220+| +21 


In Lance 


1,465 


75735 


Gillette, Wyo| 366 366 | 455 4,550 | +23 


U Im, Wyo. 


Ranchester, 


Wyo. 


E 367 67 | | 


Acme, Wyo. 


In Wasatch 


1,600 


10,745 


In Wasatch 


1,800 


12,350 


In lower Feet 
Union 


Top of Lance 


2,350 


2,400 


Dayton, 
Wyo. 


Steamboat 
Pt., Wyo. 


Top of 
Mowry 


a of Gran- | 


II, 200 


Burgess 
Ranger 
Station, 
Wyo. 


Top of Gran- 
ite 


| 


| 


* Gravity observations and anomaly computations made by U. S. Coast and Geodetic Survey. 


Determination of stratigraphic position of stations and estimates of thickness of sedimentary forma- 
tions by W. T. Thom, Jr. 


Thom, Jr 


690 
Sta. Alti- | lated 
No tude A nom- | 
| +o | ° °| 
43504 +29 | | °| 1,535 | 2,950 
| | | | 
| ME 3,600 | 5,445 | | 
20 | | 4,700 | 5,850 | | 
69 | 5.675 | +6 | | 65° | — 
| 370 | 3,700 | +5 | | 1,600 | 6,425 | mmm | 10,425 
-— | | | | | | 
| 371 | 3,075 | +5 | | ° | 3450 | 2,500 | 5,950 
ite 
| 
| | | 


RESEARCH IN BEARTOOTH-BIGHORN REGION 691 


TABLE II (Continued) 


Estimated Thickness of Sedi- 
Caleu- : mentary Formation beneath 
Pendulum lated Stratig. Posi- Station (Feet) 

Station Ar tion of 
Location Station Post- 
Creta- 
ceous 


Meso- | Paleo- | 
zoics | soics | 
| 


Total 


Medicine +71 | Top of Gran- | ° ° ° 


Mt., Wyo. ite 


Five Springs Top of Ther- | 2,550 | 4,700 
Bench, mopolis 
Wyo. 


Kane, Wyo. 3,625 Top of Fron- 
tier 


Lovell, Wyo. 3,920 Top of Nio- 4,400 | 2,900 | 7,300 
brara | 


Garland, 4,290 Top of Lance 500 | 6,630 3,250 | 10,380 
Wyo. 


Eagle, Wyo. 4,685 In Wasatch 4,900 | 7,050 | 3,050 15,000 


Canyon and Nye the area of maximum overthrusting seems closely 
connected with the locus of maximum elevation of the crystalline core 
of the uplift. This seems to bear on the thickness of the competent 
crystalline shell underlying the sedimentary rocks of the region. 

3. Astudy of the relation of gravity anomalies along geologic pro- 
files extending across the Black Hills, Powder River Basin, Bighorns, 
and Big Horn Basin show a strikingly close relationship between the 
size and sign of the gravity anomalies at selected pendulum stations 
and the estimated depth to the base of the Cambrian at these stations 
(Fig. 5). Such departures as exist are probably due to the existence of 
near-by uplifts, concealed beneath the unconformable Wasatch 
deposits. 

4. A study of the joint systems developed in the pre-Cambrian 
crystalline rocks involved in the thrust on the west side of the Big- 
horns, and a supporting petrographic study of this granite, together 
indicate that the sharp flexing of the upper surface of the granite in- 
duced by drag attending the thrusting, has been accomplished by dis- 
tributed movement upon joints, and has not resulted from re-crystal- 
lization or ‘‘flow”’ in the granite." 

5. It has been observed that small porphyry intrusions are com- 
monly found along the traces of the thrust faults surrounding the 


1C. W. Wilson, Jr., unpublished manuscript. 
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Beartooth uplift, and that porphyry stocks, dikes, and sheets cut the 
older crystallines in the central part of the uplift. It is not as yet 
known that these porphyries are derived from a common magmatic 
reservoir or that their intrusion was accomplished simultaneously, or 
coincident with the elevation and overthrusting of the Beartooth 
Range (underthrusting of the contiguous depressed blocks). The recur- 
rence of such intrusions in critical structural positions throughout the 
Beartooth area is, however, too frequent for such occurrence to be 
merely accidental. 

6. The region is featured by a succession of high-level erosion sur- 
faces, the development of which may be correlatable with the deposi- 
tion of fossiliferous basin deposits or terrace gravels of known or as- 
certainable age. It may thus be possible to date the various deforma- 
tional episodes closely, and ascertain whether elevation has recurred 
as down-cutting has progressed, or whether uplift was completed 
within a brief time, geologically speaking, with down-cutting pro- 
gressing at a varying rate due to the fluctuation of climatic or other 
factors. This will be one of the studies upon which attention will be 
particularly centered during the coming summer. 
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ANALYSIS AND EFFECTS OF CURRENT MOVEMENT ON 
AN ACTIVE FAULT IN BUENA VISTA HILLS 
OIL FIELD, KERN COUNTY, CALIFORNIA! 


THOMAS W. KOCH? 
Taft, California 


ABSTRACT 


Recently it has been found that casing failures in twenty-two wells lying on the 
south flank of Buena Vista anticline have been caused by movement on an active thrust 
fault. Surface evidence of the rate and recency of movement on it is given by its newly 
made scarp and by the buckling of gas, oil, and water lines at and near its trace. The 
fault strikes N. 75° W. and dips 25° northward, or into the south flank of the structure. 
Computations made from measurements on bent pipe lines and collapsed casings show 
that the overriding block is moving southward at a minimum average rate of 13 inches 
per year. The fault probably is the result of differential slipping between beds on the 
north flank of the structure induced by current folding. 


INTRODUCTION 


Investigation of the cause for the collapse, during a period of sev- 
eral years, of the casings in twenty-three wells in the Buena Vista 
Hills oil field, Kern County, California, recently brought to light the 


existence of an active thrust fault in this area. Although the surface 
trace of the fault has been found to be marked by a well defined re- 
cent scarp, its significance was not recognized previously and it is 
probable that, except for the economic importance of the loss of the 
wells, this extraordinarily interesting phenomenon might have es- 
caped detection. 

Pipe lines, laid approximately at right angles to the surface trace 
of the fault, were found to be deformed by the recent movements. 
Measurements on these deformed pipe lines and data obtained from 
the histories of the wells with collapsed casings have permitted calcu- 
lation of the rate of movement on the fault. Furthermore, as the fault- 
ing appears to be related directly to current folding of the Buena 
Vista anticline, approximate figures can be computed for the rate of 
folding of this structure. Current folding probably is not confined to 
the Buena Vista anticline and, no doubt, is going on in other San 
Joaquin Valley structures having youthful physiographic develop- 
ment. 

1 Read before the Pacific Section of the Association at Los Angeles, California, 
November 3, 1932. Manuscript received, March 16, 1933. 

? Geologist, Standard Oil Company of California: 
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LOCATION 


The Buena Vista Hills, through which the thrust fault passes, lie 
on the west side of the San Joaquin Valley, California, about 35 miles 
southwest of Bakersfield and 2 miles north of Taft. They form a spur 
from the Temblor Mountains, which bound the southern San Joaquin 
Valley on the west. The foothills of the Sierra Nevada Mountains lie 
about 60 miles east of them. 


GENERAL RELATIONS 


The Buena Vista Hills represent the youthful physiographic ex- 
pression of Buena Vista anticline. Trending from N. 45° W. to N. 65° 
W., they lie between the Elk Hills uplift on the north and the highly 
folded Temblor Range on the southwest. Major synclines separate 
them from these uplifts. The active San Andreas rift, 12 miles south- 
west of them, lies at the southwest foot of the Temblor Range. 

In the Temblor Range, back of Taft, are exposed beds as old as 
Oligocene, but the surface formation of the Buena Vista Hills is of 
Tulare (Pleistocene) age. The section penetrated by wells along the 
crestal part of the Buena Vista anticline is generalized in Table I. 


TABLE I 
Feet 
TULARE O-I ,000 Sands, gravels, conglomerates. Minor 
(Pleistocene) amounts of yellow clay 


SAN JOAQUIN CLAYS I ,O00-2, 300 Clays and shales with minor beds of 
(Pleistocene-Pliocene) sandstone 


2, 300-2, 350 Oil sands. (Basal San Joaquin clays 
producing horizon) 


ETCHEGOIN 2,350-2,850 Sands and sandy shales carrying some 
(Lower Pliocene) oil 


REEF RIDGE 2,850-3,400 Clay shales, slightly sandy at top 
(Upper Miocene) 


MARICOPA 3,400+ Grayish brown to black, organic 
(Middle Miocene) siliceous shales 
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Of primary interest are the sands, gravels, conglomerates, and 
clays of the Tulare and San Joaquin clays formations, as the fault 
apparently does not extend far into the Etchegoin. 


SURFACE FAULT EVIDENCE 


Physiography.—Both surface and subsurface data are in perfect 
accord as to the position, dip, and rate of movement of the Buena 
Vista fault. However, character of movement must be determined 
largely from surface observations. 

The surface trace of the fault is a well marked line on the ground 
which runs through the N. 3, N. 3 of Sec. 7, T. 32 S., R. 24 E., and 
extends for a short distance into Sec. 12, T. 32 S., R. 23 E., and Sec. 


____ Fic. 2.—Looking east along recent scarp of Buena Vista fault in N. 3 of Sec. 7, 
lr. 32 S., R. 24 E. Note buckled 6-inch water line in upper left corner. 


6, T. 32 S., R. 24 E. It may be recognized for a distance of about 13 
miles. Its average trend is-N. 75° W. It is essentially a straight line, 
showing lobes and reéntrants only in minor detail. The dip of the 
fault plane, as determined from surface measurements alone, is about 
15° N. However, subsurface data indicate the true dip to be nearer 
25° N. 

Above the fault trace, or north of it, are exposed light-colored, 
soft, quartzose sands, carrying a few thin clay beds. Dips are poor on 
account of the unconsolidated character of the material, but where 
measurable, they are from 4° to 7° N. The oil sands immediately be- 
neath dip from 5° to ro° S. 

‘South of, or below, the fault trace, is a smoothly sloping plain of 
reddish to yellowish brown, clayey sand, which offers a sharp contrast 
to the lighter-colored material on the north. It is essentially a south 
dip slope on which has been spread a thin veneer of recent wash. 


THOMAS W. KOCH 


Fic. 3.—A 4-inch abandoned oil line along east line of Sec. 7, T. : 
looking east. It has been shortened 1.50 feet in 13 years. 


Fic. 4.—Abandoned 2-inch fuel line in N. } of Sec. 7, T. 32 S., R. 24 E., showing 
character of buckling it suffered at trace of Buena Vista fault. 
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Fic. 5.—Same 2-inch fuel line shown in Figure 4, but looking eastward along trace 
of fault. The 6-inch gas line in right middle distance has been repaired recently and 
lies flat across fault. 


Fic. 6.—Four-inch gravity oil line near center of N. }, N. } of Sec. 7, T. 32 S., R. 
24 E, shortened 1.40 feet in 11} years. 
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Immediately at the fault trace may be seen the initial fault scarp 
standing at a maximum of 4 feet above the smooth plain. It is so 
youthful looking that it might have been formed in the past year. 
Then, breaking away at a less slope, but still considerably steeper 
than the frontal plain, is the eroded scarp, rising at about 100 feet 


Fic. 7.—Joint of 63-inch casing from Honolulu Oil Company No. 22, Sec. 8, T. 
32 S., R. 24 E., bent at least 6 inches by shearing action of Buena Vista fault. 


above the plain. It breaks away at the top into a comparatively flat 
upland surface. Dissection has been rapid in the soft sediments of the 
overlying block. In it the streams have cut sharp gulches which dis- 
appear abruptly at the fault trace. The material eroded from the 


overlying block has been dropped by the streams almost immediately 
at the fault trace. 


TAS: 
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By assuming that the upland surface and the smooth frontal plain, 
100 feet below, at one time were continuous, a figure of about 200 
feet is derived for the probable total slip on the fault. On account of 
the looseness and lenticularity of the Tulare formation, this can not 
be checked by structure mapping. On the further assumption that 
the movement has gone on at a constant rate since it began, the fault 
commenced its movement from 800 to 2,400 years ago. 


Bent pipe lines.—Further and more striking evidence of the re- 
verse character, the recency, and the rapidity of movement of the 
Buena Vista fault is given by the histories of pipe lines, which have 
been laid more or less normally across the fault. Eight of these have 
buckled out of the ground and now rise from 2 to 4 feet above the 
surface, resembling croquet wickets across the fault trace. Measure- 
ments indicate that these pipes have been shortened approximately 
g-19 inches in 9-15 years. 

Earthquakes.—In spite of the rapid movement, no earthquakes 
are recorded which might have originated on the fault. 


FAULT EVIDENCE FROM DRILLED WELLS 


Subsurface evidence of faulting is given by a group of twenty 
wells situated in Sec. 1, T. 32 S., R. 23 E. and Sec. 6, 7, and 8, T. 32S., 


R. 24 E., whose casings either have collapsed or bent to such an ex- 
tent as to cause trouble in cleaning out the wells. Indeed, several wells 
have been abandoned because tubing would no longer pass through 
the oil string. The first suggestion of trouble commonly comes when 
full-sized tools no longer will pass through the inmost casing. Later, 
smaller tools, then even small tubing, perhaps, refuse to pass through. 
On pulling out the pipe above the fault, the bottom joint which lay 
in the fault zone ordinarily is found to have been bent into a sigmoid 
curve through a distance ranging from 5 to 15 feet. The offset may be 
as much as the diameter of the pipe. Thus, in a 17-inch hole, carrying 
two strings of ordinary weight casing, an offset of 6 inches in the 63- 
inch oil string represents an actual earth movement of 153 inches. 
The casing failures referable to the Buena Vista thrust occur at 
depths ranging from 76 to 794 feet below the surface. Deeper disturb- 
ances of casing probably are occurring, but to date they have not been 
of such a nature as to cause any recognizable damage to the wells. 
By referring these depths to a sea-level datum and contouring the 
surface, a plane is developed whose strike is N. 75°—90° W., whose dip 
is 24°-26° N., and whose intersection with the surface coincides ex- 
actly with the trace of the Buena Vista thrust. The computed mini- 
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mum earth movements required to produce these casing failures range 
from 5.8 to 15.75 inches in a period ranging from 4.1 to 17 years. 


MEASUREMENT OF RATE OF FAULT MOVEMENT 


Pipe-line data.—The actual amount of movement per year on the 
Buena Vista fault may be given minimum values from computations 
on bent surface pipe lines and on collapsed well casings. On the sur- 
face, bent pipe lines may be measured around the bend and along 
the original ditch between comparatively undisturbed points on 
either side of the bend. Knowing the date of laying the line, its slope 
and bearing, and the dip of the fault plane, the formula 


cos (a+8)-cos y-T 


gives a very close approximation for the dip slip per year on a low- 
angle thrust, where S is the dip slip per year, m the measured shorten- 
ing of the pipe line, T the time the line has been in the ground, a the 
dip of the slope on which the line was laid, 8 the dip of the fault, and 
y the angle between the pipe line and the direction of movement on 
the fault. 

The application of this formula to four lines in Sec. 7, T. 32 S., R. 
24 E., on which reliable data are available, results in the rates shown 
in Table II. 


TABLE II 
Feet per Year 
6-inch gravity oil line at east side of section. . . .266 
4-inch abandoned oil line at east side of section. -139 
2-inch abandoned gas line near center of north half of section. . . ae 
4-inch gravity oil line near center of north half of section. . . — 


The lines have been in the ground 9-13 years and have been short- 
ened from 1.40 to 1.80 feet. Obviously, these are minimum figures by 
reason of the fact that there must be some underground slippage be- 
fore a pipe line will be held firmly enough in its ditch to be buckled 
out at the fault by earth movements. 


Well data.—Figvres of similar magnitude may be derived by a 
consideration of collapsed and bent casing. Knowing the original di- 
ameter of the hole, the thickness of casings, the largest tools or pipe 
that will pass through the damaged casing after a certain number of 
years, and the dip of the fault plane, the dip slip per year may be 
computed by the formula: 
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D- etc.) —d 
12:7 -cos B 


S 


where D is the diameter of the original hole, ¢,, fs, ts, et cetera, the 
difference between inside and outside diameters in inches of casing in 
the hole, d the diameter in inches of the largest tool that will pass 
through the damaged casing after T years, and § the dip of the fault 
plane. 

This formula is based on the assumption that the dip slip is the 
net slip—an assumption which is essentially true for the Buena Vista 
fault. 

Table III shows casing failures and computed rates of fault move- 
ment. The average net slip figure for twenty-two wells is .131 foot per 
year, the extremes .076 to .224 foot per year. Like those for bent pipe 
lines, these are probably minimum figures oa account of (1) crushing 
and redistribution of sand particles before actually bending or col- 
lapsing the casing; (2) increased size of hole over listed size of bit used; 
and (3) in bent casing, long bends, allowing tools or pipe to pass 
through without appreciable interference. One contrary factor is the 
possibility of the presence of several collars within the collapsed or 
bent pipe, all situated at or close to the fault. These would tend to 
decrease the amount of movement required to pinch off or bend the 


inmost string of pipe. 


EVIDENCE OF MOBILITY IN AREAS NEAR BUENA VISTA FAULT 


Other casing failures.—Casing failures of a nature similar to those 
resulting from the Buena Vista thrust are common in Sec. 1, T. 32 S., 
R. 23 E. To date, there have been sixteen such failures, of which ten, 
grouped in the southeast quarter of the section, may be correlated 
and contoured. The resulting surface lies at depths ranging from 630 
to 800 feet below sea-level and is approximately parallel with the 
bedding in that area. The speed of movement on this plane varies 
from .12 to .17 foot per year. Apparently, in Sec. 1, T. 32 S., R. 23 E., 
in addition to the effect of the Buena Vista fault, which is recognized 
in several wells, there is taking place an adjustment between beds at 
a rate slightly less than that on the fault. Other sporadically distrib- 
uted casing failures reported in Sec. 1, T. 32 S., R. 23 E., and occa- 
sionally from the north flank of the structure, suggest current bedding 
movement throughout the vertical section on both flanks of the fold. 

Evidence of other recent folding.—A very interesting situation, re- 
cently brought to the writer’s attention,’ is the presence of a badly 

' Pointed out by J. B. Stevens, Associated Oil Company, Fellows, Californie 
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warped pipe line between the Associated Oil Company’s Nos. 73 and 
83, in Sec. 26, T. 31 S., R. 23 E., about 3 miles northwest of the Buena 
Vista fault. It was laid across a minor syncline on the general Buena 
Vista uplift and its warping is undoubtedly due to recent compression 
of the syncline. The action of the Associated No. 73 is also indicative 
of current folding in the area. In completing the well, a strain was 
taken on the casing, stretching it about a foot. While working on the 
well recently, it was found that the casing was no longer under ten- 
sion, but had actually been forced out of the hole and now stands a 
foot or more above the blocks on which it originally was hung. Several 
other cases of unduly warped surface pipe lines and peculiar casing 
action in the Buena Vista Hills also are suggestive of earth move- 
ments, but to date they have not been correlated with any definite 
structural feature. 

Evidence of concurrent deposition and folding.—Further, account 
must be taken here of the evidence given by the known thinning and 
even complete absence of some beds across the anticlinal axes, not 
only of the Buena Vista anticline, but also of the adjacent structures 
of the west side of the San Joaquin Valley. Beds of Pliocene and 
Pleistocene age, and probably also of Miocene age, show decidedly 
greater thickness in the synclines than on the anticlines. Such thinning 
is distributed throughout the Pleistocene-Pliocene section, and is not 


confined definitely to one horizon of great unconformity. Flanking 
dips on the oil sands at depths of about 3,500 feet, are, in some places, 
10°-15° higher than in the surface beds. Manifestly, folding in the 
area has progressed concurrently with deposition since the beginning 
of Pliocene time, or before. 


ORIGIN AND SIGNIFICANCE OF BUENA VISTA THRUST FAULT 


Origin of fault——The Buena Vista thrust fault apparently origi- 
nates in a bedding slip on the north flank of the structure. Moreover, 
it appears to be the result of differential movement during growth of 
the anticline. By projecting the fault down the dip for 2 miles, it passes 
into beds having a slope slightly less than that of the fault itself. A 
flattening of 10° in the fault’s dip would make it coincident with the 
bedding. In addition, it may be seen on the accompanying contour 
map (Fig. 8) that it carries the same undulations as the beds into 
which it appears to pass. Taken in conjunction with the fact that in 
Sec. 1, T. 32 S., R. 23 E., there is what appears to be bedding fault 
movement, shearing casing at a rate only slightly less rapid than on 
the Buena Vista fault, it is fairly certain that the Buena Vista fault 
had its origin in a bedding slip. 
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is an active fault moving at present at from .076 to .224 foot per year. 


North-south section through Buena Vista anticline near east line of Sec. 7, T. 32 S., R. 24 E. Buena Vista thrust 
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The direction of thrusting on the fault is such as to shift the over- 
lying block southward. This movement, if extended back into the 
bedding plane of the north flank of the structure, is seen to correspond 
with the required movement toward the anticlinal axis of upper beds 
over lower, during the growth of a fold. 

That the Buena Vista anticline started its growth not later than 
the beginning of Pliocene time is shown by the anticlinal thinning, 
or structural convergence in the post-Miocene formations; that it is 
growing at a measurable rate is shown by the activity of the Buena 
Vista thrust fault and of the bedding faults in Sec. 1, T. 32 S., R. 
23 E. 

Rate of growth of fold.—The rate of elevation of an anticlinal fold 
and the shortening of the earth’s crust occasioned thereby vary con- 
siderably from the ideal situation in any given fold because of such 
unknown factors as competency of sediments, compressibility of sedi- 
ments, depth and character of folding, region of application of stresses, 
et cetera. A simple fold, composed of competent, elastic material, 
which retains a simple sine curve in cross section and which has maxi- 
mum flanking dips of 25°, is elevated above the median line at an 
approximate rate of 1.25 times the horizontal shortening, or roughly 
2.25 times the absolute movement on one flank parallel with the bed- 
ding plane. If the fold is unable to bury its complementary syncline 
beneath an absolute datum, the anticline must grow in absolute eleva- 
tion at twice this rate. The ratio of shortening to elevation, that is, 
1.00 to 1.25, was found by purely empirical means,—by folding a 
celluloid spline and drawing a curve from the measurements taken 
during progressive folding. 1.25:1.00 is the slope of the curve at 25°. 
The figure 2.25 is simply 21.25 Xcos 25°. Average maximum flank- 
ing dips on the Buena Vista anticline at the depth where the fault 
coincides with the bedding are about 25°. The movement on the fault 
is a measure of the absolute shortening, parallel with the bedding, of 
one flank of the fold. Hence, the fold probably is rising at an approxi- 
mate rate of 2-4 times the movement on the fault, or from about o.2 
foot to 0.5 foot per year. 

Character of fault in depth.—The rate of slip on the fault appears 
to decrease with depth.' Wells whose casings have been damaged by 
the fault all lie within § mile of the fault trace. The deepest failure to 
date occurred at a depth of 794 feet. The point of maximum differ- 

1 According to Theodore A. Link, “Individualism of Orogenesis, Suggested by 
Experimental Data,” Bull. Amer, Assoc, Petrol. Geol., Vol. 15, No. 4 (April, 1931), pp- 
399-403, this evidence may be indicative of underthrusting with the active force op- 


erating from the south northward in this case. He says (p. 400): “In almost all experi- 
ments, underthrust faults develop at the surface near the push-block, and show less and less 
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ential movement between beds in an ideally growing fold lies at a 
point midway between the anticlinal and the synclinal axes. From 
this point, the amount of movement normally decreases in both direc- 
tions, becoming zero at the anticlinal and the synclinal axes. This 
would be the case also in the upper beds of the Buena Vista anticline, 
were it not for the presence of the Buena Vista fault. In the syncline, 
north of the Buena Vista anticline, presumably it is the case, but to- 
ward the anticlinal axis, the fault has freed the overriding block from 
this effect and it may now move at the maximum rate throughout the 
free portion. However, well failures have occurred only in a narrow 
shallow zone near the trace, indicating either greatest movement, or 
most concentrated movement, that is, narrowest fault zone, near the 
outcrop of the fault. It seems impossible that the shift in the center 
of the north flank of the anticline could be less than the shift at or 
near the fault trace. Admittedly, in the frontal portion of the over- 
riding block, the gravitational load is less and therefore the relief is 
easier. The necessary inference is that the shift remains constant from 
the middle of the north flank of the anticline to the surface trace of 
the fault, but that the slip increases in amount toward the surface 
trace. Thus, north of the area of recognizable bent casings, the casings 
presumably are still offset the same amount, but that offset is dis- 
tributed through a thicker zone. The sigmoid curve is gentler and 
casing troubles do not develop as fast as they do near the fault trace. 
This sort of action may be demonstrated experimentally. The sup- 
posed action is indicated in Figure ro. 

In this connection, it is to be noted also that in the Buena Vista 
Hills the first 1,000 feet of section penetrated by the wells is largely 
coarse material. Appreciable beds of clay and clay shale begin to ap- 
pear at about 800 feet, but they do not become abundant above 1,200- 
1,500 feet. Below 1,500 feet, the section carries more clays than sands 
and conglomerates. Very likely the greater competency under com- 
pression of the sandy and gravelly beds, however unconsolidated, over 
the soft plastic clay shales, however loaded, has been a contributing 
factor to the localization of movement immediately at the fault plane 
in the upper 1,000 feet of beds. 

Ultimate origin of forces—The Buena Vista thrust appears to be 
so closely related to and dependent on the folding of the Buena Vista 
anticline that the ultimate origin of the forces developing the fault 


displacement away from the push-block, or the source of stresses.” However, continuing, 
he distinguishes between thrust faults which are related to, or caused directly by, the 
primary stresses—his rule refers to these—and thrust faults of local origin, the result 
of secondary stresses, commenced while adjustment is made to the primary cause. 
Apparently, the movement on the Buena Vista fault belongs to the latter class. 
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must be the same as that which developed the fold. These are regional 
forces which were no doubt responsible for most, if not all, of the 
folding of the west side of the San Joaquin Valley. The commonly 
held view is that the west side structures have developed in part from 
the uptilting on the east of the great Sierran block, pinching the sedi- 
ments in the angle against a massif, presumably immediately west of 
the San Andreas fault; in part by an uptilting of the Temblor Range 
from the southwest; in part by a rotational or shearing action related 
to the horizontal component of the movement on the San Andreas 
fault. It is not known what the absolute direction of movement of 


Fic, 10.—Diagrammatic sketch of thrust fault with constant shift but increased 
slip toward surface. 
faults and folds may be. The relative movement on the San Andreas 
fault is such that the block on the west apparently is moving north- 
ward without much, if any, vertical displacement. However, from 
what has gone before, it is seen that as far as the Buena Vista thrust 
is concerned, the Buena Vista structure may be considered a closed 
system in which the essentially horizontal forces developing the fault 
probably acted from the north and south normal to the strike of the 
fault. 

RECENT EARTH MOVEMENTS IN ADJACENT REGIONS 


For many years, it has been known that the San Andreas fault, 
extending from Bolinas Bay on the north (where it passes into the 
Pacific Ocean) to the San Bernardino Desert on the south, is an ac- 
tive fault on which movements occur periodically, usually with the 
production of earthquakes. According to Reid,' the movement takes 


1H. F. Reid, “The Elastic Rebound Theory of Earthquakes,” Bull. Dept. Geol. 
Univ. of California, Vol. 6, No. 19 (1911). 
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place by elastic rebound. Strains accumulate in the rocks for a time 
and then are relieved suddenly by snap faulting. In 1906, a horizontal 
movement of 20 feet was recorded at the time of the San Francisco 
earthquake. The San Andreas fault passes 12 miles southwest of the 
Buena Vista Hills. 

On the east side of the San Joaquin Valley, about 40 miles north- 
east of the Buena Vista Hills, there are several active faults in the 
Sierran granitic mass. An earthquake, occurring in July, 1932, had its 
epicenter on one of these, namely, the Kern River fault, a high-angle 
normal fault. 

Less than 1o miles northwest of the Buena Vista Hills, and on the 
same general line of uplift, is the faulted area of the McKittrick oil 
field. Both low- and high-angle thrust faults occur in this region of 
structural complexity.’ One or more of them are active at present, for 
the concrete highway, a mile south of the town of McKittrick, is being 
buckled up to such an extent as to necessitate repairs about once 
every two years. Stevens? has set triangulation hubs across the area 
of disturbance from which he computes the movement to be at the 
rate of about .8 inch per year. 

These data show that the Buena Vista fault is not alone in indi- 
cating crustal instability in California. Probably faulting and folding 
at a rate comparable to that of the McKittrick area and the Buena 
Vista Hills is going on at present on other San Joaquin Valley struc- 
tures. Here again is geological activity in the present giving us a key 
to the type of action of the past. 


ECONOMIC ASPECTS OF BUENA VISTA FAULT 


The cost of well repair work and the loss of wells and oil, resulting 
from the active movement on the Buena Vista fault, is estimated at 
about $500,000.00. The average life of casing in a well through the 
fault is 8 years. The well, itself, should be made to produce for ap- 
proximately 20 years, but in many places it is not profitable to redrill 
a location after 8 years with the expectancy of only a stripper well. 
Various types of repair work have been attempted. 

The early thought was that the collapsed casings resulted simply 
from sloughing or caving formations and it was attempted to roll 
them out. The practice was found to be unsuccessful and it was 
abandoned. 

1 W. A. English, “Notes on the McKittrick Oil Field,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 11, No. 6 (June, 1927), pp. 617-20. 


2 J. B. Stevens, Associated Oil Company, Fellows, California, personal communica- 
tion. 
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Temporary relief for a year or more may be had in wells whose 
tubing is pinched by backing or shooting off the inside strings of pipe 
at the fault and re-running the tubing into the stub of oil string left in 
the hole. This comparatively inexpensive process is being used at 
present to some extent. 

A more permanent job may be done by washing over the outside 
string of casing down to the fault with a wash-over shoe of largest pos- 
sible diameter, pulling all casing to and including the bent joint in the 
fault, and screwing on new surface strings. In this way, additional 
space is provided for earth movements around the casing in the over- 
riding block. This method, although giving the best results of any 
tried, has been excessively expensive due to the slow progress made 
with a large wash-over shoe and the cost of the special equipment. 

For new wells to be drilled through an active thrust block, the 
proper procedure would be to set large casing at but never through 
the fault. The reduced size of hole drilled below the fault plane will 
accommodate small pipe which will move at a known rate through the 
upper string. Thus, the life of the casing can be computed, or, with 
various sizes of casing, adjusted to the expected life of the well. 
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ABSTRACT 


In the first series of experiments described, efforts were made in the laboratory to 
obtain an accumulation of oil in a sand saturated with salt water under an impervious 
cap rock. Various agents that have been recognized as of probable assistance in the 
migration of oil were enlisted to secure the anticipated accumulation of oil in two types 
of simulated geologic structures. These efforts to secure an accumulation beneath an 
impervious cap rock resulted in failure. 

A porous cap rock was used in the second group of experiments to secure the ac- 
cumulation of oil. These experiments were successful. 

It was found that the cap rock was eventually sealed or made impervious by a 
process of differential viscosity. This process may have resulted from a chemical reac- 
tion between the oil and the sulphate radical, a common constituent of both connate 
and meteoric water, which increased the viscosity of the oil. The increased viscosity of 
the oil eventually sealed the cap rock. 
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INTRODUCTION 


The following experiments were conducted for the purpose of ac- 
tually witnessing the accumulation of oil in a porous water-saturated 
sand beneath different types of cap rock. Since visibility is the factor 
of prime importance, the apparatus was constructed of glass. The 
employment of this material for apparatus precluded the use of pres- 
sure as a factor in the accumulation of oil in the laboratory. It is, 
however, possible that pressure is of relative value only, and that its 
elimination in no wise alters the fundamental processes of the accumu- 
lation of oil. 

The method of migration used by the oil in reaching the trap is 
left to the choice or the imagination of the reader. In these experi- 
ments, the oil was forced to make a vertical entrance into the reservoir 


' Manuscript received, October 13, 1932. 
2 University Fellow at the University of Colorado, 1090 Eleventh Street, Apt. 10. 
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sand. No problems of sedimentation were permitted to enter into the 
experiments, lest their peculiarities obscure the relationship of cap 
rock to reservoir rock. 

The materials used in the following experiments were gravel, sand, 
clay, glass (as apparatus) salt water approximating the salinity of sea 
water, oil of mixed base with paraffine predominating and testing 
36.5° Bé. and pure rubber tubing. On the assumption that the sedi- 
mentary rocks of the earth are water-saturated, the gravel, sand, and 
clay were always saturated with salt water before an experiment was 
begun. 


IMPERVIOUS CAP ROCK 
ANTICLINAL ACCUMULATION 


This study of the relationship of cap rock to oil accumulation was 
engendered by the conditions that were found necessary to secure an 
accumulation of oil on the crest of an anticline. In the following ex- 
periments an anticline of glass was used. 


Fic. 1.—Accumulation of oil shown in illustration was obtained 
through partial dehydration of anticlinal crest. 


The apparatus is so constructed that fluids can be admitted 
through the bottom of either limb, or directly beneath the crest, or 
from the under side of one limb. The purpose of these openings was 
to determine whether oil would accumulate on the crest when oil and 
water were admitted through any one of these openings. It was found 
much more expeditious to fill the anticline with dry sand, and then to 
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saturate it with salt water, rather than attempt to charge the anti- 
cline with wet sand. The opening on the crest acted as an escape for 
air driven from the sand. There is no need to describe the ease with 
which the oil accumulated on the crest of the structure when forced 
through any one of the openings into the water-saturated sand simul- 
taneously with water. It is important, however, to note the conditions 
which were found necessary for the successful formation of an oil 
pool. First, it was found that if the sand were completely saturated 
with salt water, it was impossible to obtain an accumulation of oil. 
The oil showed no tendency to accumulate on the crest of the struc- 
ture, but rather to follow the flow of the water through the overflow 
tube, or to remain in disconnected drops scattered throughout the 
sand. Second, it was found necessary for the crest of the anticline to 
be only partly saturated with salt water if oil were to accumulate be- 
neath an impervious cover rock represented by the glass tubing. It is, 
theoretically, possible for the crest of a reservoir to become dehy- 
drated in several ways, such as the elevation of the land mass, evapo- 
ration along an outcropping reservoir sand, or escape of water along 
fault planes, or through the formation of hydrous minerals. These 
explanations were insufficient to satisfy a skeptical mind. 


TERRACE STRUCTURE 


More futile attempts to bring about the accumulation of oil in a 
water-saturated, anticlinal reservoir beneath an impervious cap rock 
led to the belief that some important factor of accumulation had been 
overlooked, and that this factor might be brought to light while 
working with a different type of structure. For this reason, a terrace 
was constructed of 2-inch pyrex glass tubing. The dips are 15 degrees. 

Salt water and oil were foreed simultaneously into the lower end 
of the structure so that the oil might migrate up-dip and accumulate 
on the terrace. Surprisingly, the oil failed to accumulate on the flat 
part of the structure. It formed a narrow band along the backbone of 
the structure from the lower end to the upper end. The quantity of 
oil on the dips was just as great as that on the terrace. This same re- 
sult was obtained several times. Increasing and decreasing the oil and 
water pressure failed to change the result. Possibly a falling ground- 
water level might succeed where a rising ground level had failed. To 
test the possibility of obtaining an accumulation of oil through the 
aid of a falling ground-water level, the oil was forced to migrate from 
end to end as usual, then the water was permitted to escape slowly 
from the lower end of the apparatus until the descending water level 
had reached the terrace. The oil followed the descending water sur- 
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face, but instead of effecting a greater accumulation on the terrace, 
the oil had been dissipated through the entire thickness of the sand 
in the higher part of the structure, and showed no inclination to de- 


Fic. 2.—Terrace apparatus as it looked at beginning 
of an experiment. 


scend to the level of the terrace. W. H. Emmons! secured accumula- 
tions of oil with this type of apparatus. His explanation of the pro- 
cedure is as follows: 


A series of experiments was made in the geological laboratory of the Univer 
sity of Minnesota, in which gas was introduced into an oil-soaked sand in a 
closed system. Tubes about six feet long were bent to form anticlines of which 
the limbs had slopes of about fifteen degrees. These were filled with sand 
which had been mixed with oil, sea water, and light gasoline. The tube was 
completely filled with the mixture and allowed to remain a considerable pe- 
riod. No segregation took place except locally, where the oil gathered into 


1 W. H. Emmons, Geology of Petroleum (McGraw-Hill, 1931), pp. 76-79. 
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small drops. Subsequently, the system was warmed so that the gasoline was 
vaporized. After forty-eight hours, a considerable segregation of oil, gas, and 
water had taken place. The gas occupied the highest part of the tube and 
rested on salt water. The space occupied by the gas represents air spaces 
which it was not possible to eliminate in charging the water and oil-soaked 
sand in the tube, together with the space made available by the gas pressure 
forcing liquids into small cracks of the sand. 


This description makes obvious the fact that the two sets of experi- 
ments were based on different assumptions of subsurface conditions. 
It is reasonable to assume from Emmons’ description that the gas, oil, 
and salt water are already in the reservoir rock and the system is 
closed. That is to say, the occupants of the reservoir sand will not 
suffer from outside disturbance while their segregation is effected by 
gravity. If the reservoir sand were just above and in contact with the 
source rock, and if the crest of the anticline were dehydrated in some 
manner, then such an accumulation of oil beneath an impervious cap 
rock as Emmons described might occur. The subsurface conditions 
postulated for the experiments in this paper are: (1) a completely 
water-saturated substratum; (2) subsurface conditions which make 
fora dynamic rather than a static condition (it is reasonable to assume 
that diastrophism, compaction, changes in geoisotherms, cementation, 
et cetera, should produce a gradual movement in the subsurface wa- 
ter, and thereby produce a dynamic condition); (3) that the oil mi- 
grates a distance, either long or short, before reaching the reservoir 
sand. By this it is meant that the source rock is not normally in im- 
mediate subjacence to the reservoir rock. 

The failure to obtain an accumulation of oil in either the anticlinal 
or terrace structures beneath an impervious cap rock was most un- 
expected. The difficulty seemed to lie either with the cap rock, or with 
the water-saturated condition of the reservoir sand. There is, however, 
a possible explanation for this failure. Perhaps the type of apparatus 
used by R. Van A. Mills' would bring about the desired accumulation 
of oil beneath an impervious cap rock. A glass aquarium 12 inches 
long, 10 inches deep, and 8 inches wide was used in this experiment. 
First, the aquarium was partly filled with salt water (sp. gr., 1.15). 
Then the glass tubes were arranged in the position as illustrated, 
with the outlet for the salt water directly beneath the oil and gas 
outlet. Next, sand varying from 20 mesh to 100 mesh was slowly 
poured into the aquarium. The sand was stirred at the same time in 
order that the entrapped air might be liberated. When the water and 


'R. Van A, Mills, “Experimental Studies of Subsurface Relationships in Oil and 
Gas Fields, Econ. Geol., Vol. 15 (1920), pp. 398-422. 
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sand levels occupied the positions illustrated, a watch glass, 6 inches 
in diameter, was washed beneath the level of the salt water and 
pressed into the sand, concave side downward, directly above the oil- 
gas and salt-water outlets. This completed the arrangement of the 
apparatus, and everything was in readiness for the introduction of 
the oil, gas, and salt water; 30 cubic centimeters of oil and a small 
quantity of methane gas were first injected into the sand. After an 
interval of ro minutes, no bubbles of oil or gas had reached the sur- 


A 


Fic. 3.—Containing vessel is the aquarium. A. Oil and gas 
tube. B. Salt-water tube. C. Salt-water level. D. Sand level. E. 
Watch glass. 


face. Salt water was now forced into the sand under a 4-inch head and 
permitted to flow at the rate of 250 cubic centimeters per hour. Six 
minutes later, bubbles of gas broke the surface around the edge or 
beyond the edge of the watch glass, but only occasionally did one ap- 
pear beneath the watch glass. The oil soon followed the gas and 
emerged, just as the gas had, near the edge of the watch glass. A few 
more bubbles of oil than gas appeared beneath the watch glass, but 
the approximate number of each was almost the same. Ninety-five 
per cent of the oil and gas had avoided the impervious cover. The oil 
and gas had possibly traversed lines that in cross section would appear 
as a cone with the watch glass forming the base. The distance of the 
apex of the cone beneath the base would depend on a number of vari- 
ables, such as porosity of the sand, viscosity of the oil, rate of flow of 
water, curvature of the watch glass, et cetera. Later experiments, in 
which the gas was injected some time before the injection of the oil, 
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failed to develop an accumulation of oil beneath the watch glass. It 
was found possible to force the oil beneath the watch glass by in- 
creasing the water head to 30 inches and the flow to 1,500 cubic cen- 
timeters per hour. As W. L. Russell! has pointed out, it appears im- 
probable that high hydraulic gradients are normal in nature. The hy- 
draulic gradient used in this latter experiment is possibly too high to 
justify serious consideration of the result obtained. The adoption of 
the type of apparatus used by Mills failed to change the results ob- 
tained with glass tubes in this type of study. 

There are two other physical factors which may plausibly assist 
ihe migration of oil, and which might effect an accumulation of oil 
beneath an impervious cap rock. The first is capillary action. W. L. 
Russell? disposes of capillarity in the following statement: 

It seems likely that the capillary force with which water tends to drive the 


oil out of shales is less than the force required to drive oil through a water wet 
shale. 


The writer agrees with Russell that capillarity is possibly of small 
value in the migration of oil. He does not, however, concur as to the 
reason for the lack of assistance. Experiments which depend upon 
capillary action for the migration of oil are performed through the 
classical association® of a water-saturated sand and an oil-saturated 
clay or shale. The results are invariably the same. The water migrates 
into the clay or shale and, through capillarity, forces the oil to evacu- 
ate. If this laboratory experiment is thought to simulate subsurface 
conditions, one basic factor has been overlooked. This factor is that 
sedimentary rocks, through their origin, are, beyond reasonable 
doubt, saturated with water throughout nearly all, if not all, of their 
existence as such. There is no plausible reason to believe that capillary 
action is operative in a substratum where all of the sediments are 
water-saturated. Mills‘ and Dodd! also agree that the migration of oil 
through capillary action is highly improbable. 

The second physical factor that may aid in the migration of oil, 
and bring about an accumulation beneath an impervious cap rock, is 
the buoyancy of oil in the presence of water. Many experimenters 


1 W. L. Russell, “Experiments in Capillarity,” Econ. Geol., Vol. 19 (1924), p. 56. 

2 Ibid., p. 57. 

3 C. W. Cook, “Capillarity of Oil and Water,” Econ. Geol., Vol. 18 (1923), pp. 
167-70. 


A. W. McCoy, “A Brief Outline of some Oil Accumulation Problems,” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 10 (1926), pp. 1015-35. 


*R. Van A. Mills, Econ. Geol., Vol. 15 (1920), p. 398; Vol. 16 (1921), p. 124. 
* H. V. Dodd, Econ. Geol., Vol. 17 (1921), p. 275. 
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have advocated this type of oil migration. To test the plausibility of 
this theory, 200 cubic centimeters of oil were injected into the sand 
near the bottom of the glass aquarium. At the end of 10 days, there 
had been no measurable movement of the oil. A quantity of gas was 
then injected into the sand at the same point. There was some move- 
ment of the oil as long as the gas pressure was applied, but the migra- 
tion stopped as soon as the pressure stopped. Much of the gas was 
also trapped in the sand. During the next 2 weeks there was no meas- 
urable movement of either the oil or the gas in the static water. At the 
end of 4 weeks, the oil had become so viscous that it could not be 
flushed out of the sand. W. L. Russell,! an advocate of the migration 
of oil through buoyancy, states: 

If the oil which first came through the seeps remained stationary, a mass of 
oil large enough to rise by bouyancy would finally accumulate. Hence, the 


migration of oil may be explained without the action of capillarity or hy- 
draulic currents. 


This statement implies that the greater the mass of oil, the greater 
the buoyancy of the mass. This is true, if the surrounding medium is 
composed entirely of water, or a similar liquid, but so far as has been 
observed, it is not true when oil migrates through a water-saturated 
sand. In such an instance, the nearer the globule of oil approaches 
the size of the pores, the easier will be its passage through the sand. 
It has been observed that in a dynamic system, a globule of oil will 
be broken into smaller globules or stringers so that passage can be 
accomplished through the sand. In a static system, the globules, both 
large and small, remain stationary until their viscosity has increased 
to such an extent that movement is impossible. H. G. Botset? has in- 
troduced evidence that proves, beyond doubt, that the viscosity of oil 
used in such experiments is increased through oxidation of the un- 
saturated hydrocarbons contained in the oil by exposure to the air. 
Exposure to the air would explain the increased viscosity of the oil, 
but its adhesion to the sand after a certain lapse of time is undoubt- 
edly due to a chemical reaction between the oil and the sulphate 
radical found in fresh, connate, and sea water. This phase of the 
problem will be discussed in greater detail later. 

The presence of the sulphate radical in connate or fresh water 
renders improbable the migration of oil through its buoyancy under 
static conditions. Thus far, in these experiments, no satisfactory ac- 
cumulation of oil has been secured beneath an impervious cap rock. 

1 W. L. Russell, “Experiments in Capillarity,” Econ. Geol., Vol. 19 (1924), P- 52 


2 H. G. Botset, “Permeability Measurements,” The Review of Scientific Instrument 
(February, 1931), pp. 84-96. 
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POROUS CAP ROCK 
SELECTIVE SCREENING! 


If the impervious cap rock is to be discarded because it seems to 
require special subsurface conditions that are incompatible with the 
existing water-saturated substrata, the only alternative is to substi- 
tute a porous cap rock. It is difficult, however, to imagine a condition 
in which the sediments beneath the reservoir rock are porous and will 
permit free passage of both oil and water into the reservoir; but when 
these same liquids attempt to pass through the porous, overlying 
rock, a process of discrimination is begun which permits the water to 
pass, but retains the oil. Unnatural as the condition seems, capillary 
action may bring about some such condition of “selective screening,” 
if there is enough difference between the porosity of the reservoir rock 
and the porosity of the cap rock. In other words, if the pores in the 
reservoir are larger than the pores in the cap rock, the water with its 
stronger surface tension could force its way into the overlying finer 
pores, and leave the oil behind in the reservoir rock. At least, theoret- 
ically, capillary action solves the puzzle of the porous cap rock, but 
what will the force of the circulating water do to capillary action? 


CAPILLARY ACTION 


In order to answer the foregoing question, it seemed desirable to 
exert more pressure on the apparatus than glass tubing could with- 
stand. For that reason, apparatus of metal was constructed. 

Since it was desirable to test the action of pressure on the capillary 
action of oil and water, equal quantities of the two liquids were placed 
in the container. To test the strength of the apparatus for the first 
time, a sand varying in size from 40 to 100 mesh was used. A much 
finer sand and clay were used later. To conform to the postulated 
water-saturated condition of the substrata, this sand was placed in 
the cup and thoroughly saturated with salt water. The sand was 
tamped tightly to reduce the size of the interstices. The cup was 
forced into the container, and then the apparatus was placed in a 
horizontal position, so that the separated oil and water might have 
equal access to the sand in the cup. Force was applied to the piston 
by a screw jack. At first, only water appeared, but when a quantity 
of water (approximately equal in amount to the water contained in 
the pores of the sand in the cup) had been squeezed out, oil also ap- 


1 John L. Rich, “The Hydraulic Theory of Oil Migration and Accumulation,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 7 (1923), p. 214. 


l 
| 
| 


722 ROBINSON P. LOCKWOOD 


peared. This experiment was repeated many times with various sizes 
of sand and clay. The smallest size used was 200 mesh. The result 
was always the same, first water, then oil and water appeared. 
These results would seem to prove that capillarity could not effect 
a process of Selective screening when pressure was applied. In spite 
of the fact that the results were so overwhelmingly against capillarity, 


Fic. 4.—A. Hollow cylinder, 9X5 inches, to hold oil and water. B. Cup to hold 
sand and clay. It is inverted here to show perforated bottom. It fits tightly into cylin- 
der. C. Perforated lid that fits inside top of cup and keeps sand or clay in place. D. Rod 
that passes through center of cup from top through bottom. Nut on right screws down 
tightly against lid, C. Nut on left end screws tightly against bottom of cup. 


the obscurity that the use of metal apparatus naturally brings, left 
a feeling of dissatisfaction with the entire experiment. It was felt that 
if capillarity could not cause selective screening under high pressure, 
its failure to do so should be equally evident under a slight pressure, 
such as would be exerted by a 15-inch head of water. Glass apparatus 
could then be employed, and the results clearly observed. 

To test this theory, a 12-inch length of 2-inch glass tubing was 
used (Fig. 5). The tube was tightly stoppered at one end; then fixed 
in a vertical position with the stoppered end down. A quantity of salt 
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water was poured into the tube. Fragments of rock were dropped in 
to serve as a very porous reservoir rock. The size of the fragments was 
gradually reduced until it was possible to add a coarse sand, then a 
finer sand, and finally, a dense ball clay. All the material was tightly 
tamped. After this, more coarse sand was added, then another layer 
of ball clay, another layer of sand, and a final layer of ball clay. The 
rock fragments and the layers of coarse sand represented three pos- 
sible reservoir rocks, each capped with a fine-grained layer of white 
clay. All of the material was water saturated and tightly tamped. A 
15-inch head of oil and water was used to drive the two liquids simul- 
taneously into this arrangement of materials. 

The oil and water at first passed easily into the apparatus, the 
balls and stringers of black oil sliding with serpentine ease between 
the rock fragments without friction, and apparently without actually 
touching the rocks. A film of water adhering to the rocks possibly 
acted as a barrier or lubricant’ between the two. 

After 3 days, the oil had penetrated the top layer of clay. Capil- 
larity had again failed to act as a selective screen. Too much, possibly, 
had been expected of capillary action. If oil and water were being 
driven upward through the same capillary tube toward a cover rock, 
it is hardly reasonable to suppose that the driving force would fail to 
thrust both the water and oil with equal strength against the smaller 
pores of the cap rock. After that, if capillarity does act, it is probable 
that the superior surface tension of the water may assist any oil that 
has been thrust into the capillary opening ahead of it. Such may be 
the explanation for the failure of theoretical capillary action to per- 
form a screening function for which it is not fitted, or which circum- 
stances would not permit. 


DIFFERENTIAL ADHESION 


It has been stated before that, after 3 days, the oil had penetrated 
the top layer of clay; but during this time, the flow of water and oil 
into the sand had noticeably diminished. Two days later, the oil and 
water were only dripping from the overflow tube. There was no ob- 
servable reason for this reduced flow; the oil that had accumulated 
in the rock fragments was still of the same color, and the rubber tub- 
ing, carrying the oil and water, was not clogged. The oil-water head 
was increased, and the outflow of liquid returned to normal, except 
that more water than oil passed through the apparatus, despite the 
fact that equal quantities of the two liquids entered the apparatus. 


1 Harold V. Dodd, “Migration of Oil,” Econ. Geol., Vol. 17 (1922), p. 281. 
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As hours passed, the outflow of liquid was again reduced. The outflow 
of oil had been much more reduced than the outflow of water. The 
relative quantity of water to oil was approximately 8 parts water to 


_ Fic. 5.—The three white bands are the porous cap rocks composed of white clay. 
Note the decreased oil content of the sands from bottom to top. 


1 part oil. A close study of the three reservoir sands showed that the 
quantity of oil in storage in each had increased. The greatest increase 
was in the bottom reservoir, and the quantity diminished as the dis- 
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tance from the source of oil increased. There was no visual evidence 
of any sort of reaction between the oil and water; but that some me- 
chanical or chemical reaction had occurred was the only satisfactory 
explanation for the phenomenon just described. Possibly there was 
some abnormal reason for it; possibly some unusual chemical in the 
water, or a reaction between the rubber tubing and the oil. A chemical 
analysis of the water showed it to be normal for surface water; the 
rubber tubing used was found to be unaltered. No factors, apparently, 
not associated with the accumulation of oil had entered into the prob- 
lem. 

Ten days later, both the water and oil had ceased to flow through 
the apparatus. An examination of the oil in the lower reservoir dis- 
closed the fact that the oil no longer stood in clear, well-rounded 
drops. Their edges were blurred through adhesion to the rock frag- 
ments and to the inside of the glass tubing. The oil was removed from 
the lower reservoir so that it might be analyzed and a plausible ex- 
planation discovered for this reaction. It was found that the viscosity 
of the oil had increased, its water content had increased 6 per cent, 
and its Baumé gravity had decreased from 36.5 to 35.5. The increase 
in viscosity may have been due to the loss of some of the lighter con- 
stituents of the oil, or to a reaction between the oil and water, or to 
both. The increase in water content of the oil may have been due to 
an emulsion of oil and water, or to the absorption of the water film 
surrounding the rocks by the oil. The evidence was not clear that the 
oil absorbed the water film, but it is certain that the oi] did, in some 
way, displace the water film and adhere to the rocks and sand. Both 
Dodd! and Mills* obtained somewhat similar results while following 
different procedures. They were, however, interested in other phases 
of oil migration and accumulation, and naturally did not interpret 
their results with reference to cap-rock control of oil accumulation. 

This type of experiment was repeated a number of times to ascer- 
tain if oil exhibited this adhesive quality only in the presence of clay, 
or if it would react in the same manner with sand. The results led to 
the conclusion that the composition of the cap rock is of no material 
importance, except as it influences the size of the interstices. The oil 
will adhere to either sand or clay if given sufficient time. The time 
required to adhere to either material is approximately the same. 


! Harold V. Dodd, “Migration of Oil,” Experiment 7, Econ. Geol., Vol. 17 (1922), 
p. 282. 


? R. Van A. Mills, “Experimental Studies of Subsurface Relationships in Oil and 
Gas Fields,” Experiment 3, Econ. Geol., Vol. 15 (1920), p. 406. 
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FORMATION OF OIL POOL IN ANTICLINAL STRUCTURE 


After these experiments, a desire was felt to observe how oil would 
accumulate through differential adhesion if the movement of the oil 
was not restricted by the sides of a vertical glass cylinder. An attempt 
was made to simulate the arching beds of an anticline inside the glass 
anticline, with varying grades of sand. The result more nearly ap- 
proximated a sand lens on the crest of an anticline than a reservoir 
sand in a true anticline. It is believed, however, that the results would 
apply in either case. The sand in the glass anticline was first saturated 
with salt water, then oil and salt water were simultaneously forced 
into the apparatus through the under-arch opening. The oil entered 
the coarse sand lens and filled it nearly to the saturation point. Only 
a small percentage of the oil emerged through the overflow tube on 
the crest of the anticline. 


Fic. 6.—A. Fine sand. B. Dashes indicate outline of coarse sand lens. C. Hatched 
lines indicate accumulation of oil. Arrows show direction of flow of water around periph- 
ery of oil body. 


The manner in which the oil accumulated in the reservoir sand is 
of interest. The first point at which accumulation began was in the 
very crest of the anticline at the point of contact between the reservoir 
sand and the cap-rock sand. As it became more difficult for the oil and 
salt water to penetrate the cap rock at this point, the accumulation 
gradually worked its way down the shoulders of the structure, but the 
point of accumulation always began at the contact between the reser- 
voir sand and the cap rock. As the line of accumulation gradually 
progressed down the flanks of the structure, the quantity of oil at the 
first point of accumulation beneath the crest was continuously aug- 
mented through the cohesion of oil brought into contact with the 
static oil by the circulating salt water. A cross section of this oil ac- 
cumulation would resemble the shape of a crescent moon. The accu- 
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mulation of oil on the flanks of the structure was below the water 
level of the oil accumulated beneath the crest of the structure. 

At the end of 5 days, no more oil escaped from the crest of the 
structure through the overflow tube, but the salt water continued to 
flow. At this point, water dyed with indigo was forced into the ap- 
paratus in order that the path taken by the water to reach the over- 
flow tube at the crest of the structure might be observed. It was 
found that the water flowed around the periphery of the sealed oil 
sand to reach the crest of the structure. It was also observed that the 
colored water did not penetrate into, nor flow through the lower part 
of the oil-saturated sand. This may indicate that the bottom of an oil 
pool is sealed sufficiently to offer resistance to encroaching edge water. 


ACCUMULATION OF OIL ON TERRACE STRUCTURE 


After the successful formation of an oil pool in an anticline be- 
neath a porous cap rock, it was desirable to ascertain if the porous cap 


Fic. 7.—Terrace apparatus during experiment. 


rock would also bring about an accumulation on a terrace. The picture 
shows how the terrace apparatus used in the former experiments with 
this type of structure was altered to fit the new requirements. The 
upper cap-rock layer of sand was composed of 150-mesh sand. The 
lower reservoir layer of sand was composed of 20-mesh sand. 
Several experiments were performed with this apparatus, and all 
resulted in an accumulation of oil on the terrace in the same manner 
that an accumulation had been obtained in the anticlinal structure. 
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Some of the accumulations were large, others were small. The degree 
of success was directly proportional to the rate of flow and quantity 
of salt water permitted to enter the apparatus. If the water pressure 
was high, the oil could not accumulate and was flushed out of the 
upper end of'the structure. If the water pressure was moderate enough 
so that the oil might accumulate and the cap rock become automat- 
ically sealed, the experiment was a success whether or not the oil and 
salt water were forced in beneath the dip or beneath the terrace. Any 
excess of oil migrated on up the dip. Here again, the amount of excess 
oil depended directly upon the quantity of water flowing through the 
lower part of the reservoir sand. The movement of the water through 
the lower part of the sand did not transmit motion to the oil accumu- 
lated in the higher part of the sand (this description applies to the 
movement observed after the cap rock was sealed), but there is a 
sharp line of demarcation between the oil and water below which no 
oil could accumulate. If the flow of water was increased after the oil 
had accumulated, the oil resisted the water movement, but the oil 
lying in the new path of the water was eventually flushed out of the 
structure. 


CONCLUSION 


The following explanation is offered for the phenomenon of oil ac- 


cumulation beneath a porous cap rock. It is believed that the reaction 
(adhesion of the oil to the rock fragments and cohesion of the moving 
oil to the static oil), observed in the large interstices of the reservoir 
sand had also taken place in the small interstices of the clay cap rock. 
The size of the small drops of oil adhering to the inside of the inter- 
stices of the clay cap rock were augmented through cohesion with the 
oil that was brought into contact with it by the slowly moving water. 
In this manner, the interstices of the cap rock were gradually filled 
and the free passage of oil (but not water), prevented. Naturally, the 
entrance and exit of the water through the interstices of the cap rock 
was not as free as formerly, but it still had comparatively free passage, 
because of its greater liquidity, and because it did not adhere or co- 
here to the static oil or clay. This explains the fact that the volume of 
water passing through the cap rock was approximately eight times the 
volume of oil. The interstices, eventually, became so choked with oil 
that it was no longer possible for either oil or water to pass through. 
The cap rock was sealed through “differential adhesion.” 

The possible chemical nature of this differential adhesion process, 
and the possibility of the discovery of a similar or parallel process in 
the water-saturated substratum makes desirable a more extensive 
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consideration of this part of the experiment. Botset,' in a number of 
experiments, has shown that oil, passed through a filter in the presence 
of air, clogs the filter. If this same grade of oil is passed through the 
same type of filter in the presence of methane, the filter is not clogged. 
Botset attributes the clogging of the filter to the oxidation by air of 
the unsaturated hydrocarbons contained in the oil. He further sub- 
stantiated this theory by showing that oil lacking unsaturated hydro- 
carbons does not clog the filter when passed through in the presence 
of air. The oil used in the experiments presented in this paper does 
contain unsaturated hydrocarbons; it has undoubtedly been oxidized 
through contact with the air. The fine-grained cap rock would act in 
the same capacity as one of the filters used in the Botset experiments. 
There is little reason to suppose that the oxidation of oil takes place on 
an extensive scale in the substrata, but there is sufficient cumulative 
data to indicate that there is a chemical reaction that takes place in 
the substrata between the oil and water, producing increased vis- 
cosity just as the oxidation of oil increases its viscosity. 

G. S. Rogers is inclined to believe that the sulphate radical, which 
is present in both connate and meteoric water, has been reduced by 
reaction with the petroleum in the oil fields of the San Joaquin Valley. 
California. He appears to accept this view rather than account for 
the reduction of the sulphate through bacterial action, because, as he 
says, 

There is no evidence to show that even anaerobic bacteria can continue 
to exist in the muds after they have been covered by a thousand feet or more 
of other sediments and elevated into land, and certainly, some time must 
have elapsed after the elevation before meteoric water penetrated to the zone 
of alteration. In fact, the writer is inclined to believe that in some localities, 
meteoric waters are percolating down to this zone, and are being reduced at 
the present time. Hence, unless it be assumed that bacteria are present in the 


strata to depths of several thousand feet, the formation of the sulphate-free 
waters can not be ascribed to bacterial action.’ 


The waters associated with the oil in the San Joaquin Valley oil fields 
are almost, or quite, sulphate-free, notwithstanding the fact that the 
shallower waters of the region are characterized by a large concentra- 
tion of sulphate. Continuing with this particular chemical reaction, 
G. S. Rogers states, 


Whatever the reactions controlling the character of the oil-field waters 


' H. G. Botset, “The Measurement of Permeability of Porous Alundum Discs for 
Water and Oils,” The Review of Scientific Instruments (February, 1931), pp. 84-96. 


2 U. S. Geol. Survey, Bull. 653, p. 96. 
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may be, it is clear that sulphide, free hydrogen sulphide, carbonate, bicar- 
bonate, and free carbon dioxide are formed.! 


He continues with one of the products of the sulphate reduction as 
follows, 
As hydrogen sulphide readily oxidizes to sulphur, even under very feeble 


oxidizing conditions, considerable amounts of it are doubtless oxidized to 
sulphur, and so removed by precipitation from the waters.” 


Later, in discussing the reaction of either a paraffine oil or an as- 
phaltic oil with sulphur, Rogers writes, 

A part of the sulphur may combine with certain oil constituents to form 
simple sulphur compounds or complex sulphur derivatives; another portion 
may unite with some of the hydrogen of the oil and pass off as hydrogen sul- 
phide. By the loss of hydrogen a condensation or polymerization of the hydro- 
carbon molecules is effected, and this change is reflected in the increase in the 
gravity of the oil itself as it approaches solid asphalt. 


In his conclusion, Rogers discusses field evidence in the area that has 
a direct bearing upon the results obtained through reduction of the 
sulphate radical. 

The greatest proportions of carbon dioxide are usually found in gas near 
the outcrop where sulphate water can most readily enter the beds and where 
the reaction would naturally be vigorous. A large part of the hydrogen sul- 
phide formed is probably changed to sulphur, some of which apparently re- 
acts again with the oil to make it heavier and more asphaltic. It is significant 
that the oils containing the largest proportion of sulphur are, in general, the 
heavy oils close to the surface or to the outcrop of the oil measures.’ 


This absence of the sulphate radical in water associated with oil 
is not confined to California. Its absence in waters associated with oil 
has been noted in Europe and Asia, as well as in North America.‘ 

These quotations from the work of Rogers have been presented to 
substantiate the theory that a cap rock may be formed through a dif- 
ferential viscosity resulting from the reduction of the sulphate radical. 

The laboratory experiments recorded in the foregoing pages indi- 
cate the plausibility of the following statements. 

1. It is impossible to secure an accumulation of oil in either anti- 
clinal or terrace apparatus beneath an impervious cap rock (repre- 
sented by glass in the experiments), if the reservoir sand is completely 
saturated with water. 


1 Ibid., p. 100. 

2 [bid., p. 103. 

Ibid., pp. 114-115. 
* Tbid., p. 94. 
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2. Oil will not migrate through buoyancy alone under static con- 
ditions. It is believed that the adhesion of the oil to the sand after the 
lapse of sufficient time was induced through the chemical reactions 
resulting from the reduction of the sulphate radical. This increased 
viscosity would prevent differential specific gravity from becoming 
active. 

3. Oil migrates and accumulates under conditions that are dy- 
namic. The term ‘‘dynamic”’ is used to denote a condition of move- 
ment inferior in activity to that condition of movement which is con- 
ceived to be denoted by the term, “hydraulic flushing.” 


4. Capillary action does not act as a selective screen that permits 
the escape of water through the cap rock and retains the oil in the 
reservoir sand. 


5. The adhesive and cohesive properties of oil, increased by the 
chemical action resultant from the reduction of the sulphate radical, 
effectively seal the cap rock. “‘Differential adhesion” is suggested as 
the term to describe this method of cap-rock sealing. 

6. The quantity of oil trapped in a reservoir sand by differential 
adhesion may be augmented by the cohesion of oil brought into con- 
tact with the static oil by circulatory water. 


7. Acrescent-shaped cross section may be the normal cross section 
of an anticlinal accumulation of oil. It is, however, necessary to take 
cognizance of the importance of such factors as the dip of the strata, 
the circulation of the subsurface water, individual structure peculiari- 
ties of sedimentation, the manner in which the oil is introduced into 
the structure, permeability of the strata, et cetera. 

8. Water circulates around the periphery of a sealed anticlinal ac- 
cumulation of oil. 


g. With the same type of water conditions existing in the sub- 
strata as are postulated in these experiments, an accumulation of oil 
in a terrace structure is more susceptible to flushing by water than is 
an accumulation of oil in an anticlinal structure. 


10. The factors that are of probable importance in the formation 
of an impervious cap rock by differential adhesion are: a. Pressure 
and rate of flow of the subsurface water. b. The percentage of the 
sulphate radical in the subsurface water. c. Chemical composition of 
the migrating oil. d. Size of, and nature of the interstices of the po- 
tential cap rock. e. Presence of joints, cracks, or faults in the poten- 
tial cap rock. f. The thickness of the potential cap rock. 
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GEOLOGICAL NOTES 


LONG BEACH, CALIFORNIA, EARTHQUAKE OF 
MARCH 10, 1933 


The earthquake occurred at 5:54 Pacific time, Friday evening, 
and resulted in the death of 123 persons and the injury of several 
thousand others in and near the city of Long Beach, southern Cali- 
fornia. A greater tragedy was averted by the fact that the school chil- 
dren had left the scores of school buildings which partly or largely 
collapsed, and most factory and office workers had vacated other 
dangerous buildings. The shock was apparently not the heaviest of 
historic time in the general district, several in the past three centuries 
having seemingly been more severe, but the destruction was greater 
owing to the present heavily populated nature of the district. The 
first or main shock was felt for about 1o seconds, and after-shocks 
have now continued for several weeks, in general decreasing. 

Because the earthquake originated along a structural line on which 
are a series of the world’s more productive oil fields, and because the 
faulting which produced it also produced these reservoirs, a descrip- 
tion of the structure may be of interest. 

Figure 1 reveals the essential features. In the body of the map, 
the boundary faults are after Hoots,! Kew,’ English,’ and Findlay 
and Bode,‘ with some additions, The thumb sketch incorporates other 
work by Kew,' Loel,® Ellis and Lee,’ and Eaton.® The central shear 
zone particularly discussed shows the work of the writer. 


' H. W. Hoots, “Geology of the Eastern Part of the Santa Monica Mountains, 
Los Angeles County, California,” U.S. Geol. Survey Prof. Paper 165-C (1930). 

2 W. S. W. Kew, “A Geologic Summary of California Oil Fields,” Oil Bulletin 
(January, 1926). 

3 W. A. English, “Geology and Oil Resources of the Puente Hills Region, Southern 
California,” U.S. Geol. Survey Bull. 768 (1926). 

‘W. A. Findlay and F. D. Bode, “Structure of a Part of the San Joaquin Hills, 
Orange County, California,” Geol. Soc. Amer., Los Angeles meeting (April 8, 1933). 

5 W. S. W. Kew, “Geology and Oil Resources of a Part of Los Angeles and Ventura 
Counties, California,” U.S. Geol. Survey Bull. 753 (1924). 
P ® Wayne Loel, unpublished map of the western Santa Monica Mountains, Cali- 
ornia. 

7 A, J. Ellis and C. H. Lee, “Geology and Ground Waters of the Western Part of 
San Diego County, California,” U.S. Geol. Survey Water Supply Paper 446 (1919). 

8 J. E. Eaton, ““The By-Passing and Discontinuous Deposition of Sedimentary Ma- 
terials,” Bull. Amer. Assoc. Petrol. Geol., Vol. 13, No. 7 (July, 1929). 
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Fig. 1—Fault map of northern Los Angeles Basin, showing region most affected. 
Larger blank areas are alluvium or sea covered, and presumably contain unmapped 
faults. Notice junction of northwest-striking series with that of east-west transverse 
chain. Deep-seated horizontal faults—long, comparatively straight fractures—are 
seismically most important. The major of these from east to west (see thumb sketch) 
appear to be the San Andreas, San Jacinto, Elsinore, Puente Hills, Newport-Beverly, 
Point Vicente, Santa Catalina, and San Ciemente shears. 
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The Los Angeles Basin, near the center of which the disturbance 
occurred, reveals two sets of Cenozoic faulting, one bounding the basin 
with a combination of vertical and horizontal throws, and another 
cutting it with predominantly horizontal throws. A few of the faults 
can be traced back to the Miocene. The major throw on practically 
all is Pliocene and Pleistocene, chiefly the latter. Of the boundary 
faults, the frontal fault zone of the Santa Monica Mountains has sev- 
eral thousand feet of vertical throw and a horizontal throw of perhaps 
several miles, that of the San Gabriel Range locally 12,000 or more 
feet of vertical throw with a comparable horizontal component, while 
an axial fault in the San Joaquin Hills reveals 8,000 feet of throw re- 
ported to be chiefly vertical, and its probable extension near Santa 
Ana is shown by stratigraphic relations to have several thousand feet 
of throw which is also in the main vertical. 

The second and in general younger set of faults cuts and offsets 
the series described. It is apparently of Quaternary origin, although 
parts of it may be older. The Benedict Canyon fault is mapped by 
Hoots as having a mile and a half of horizontal displacement, and 
along its unmapped extension north of Cahuenga Peak the writer 
has observed Monterey diatomite to abut against Temblor sand- 
stone, indicating a moderate vertical throw. Other fault zones, such 
as the main one in the Puente Hills, have a dominantly horizontal 
component, shown variously by visible offsetting and en échelon ar- 
rangement of adjacent anticlines. The faults thus far referred to are 
on or near the edge of the basin, where compression has modified and 
in part obscured rotation. 

Extending from Beverly Hills southeasterly to Newport Beach, 
diagonally across the basin, and then apparently onward under the 
sea as far as San Diego, is what is perhaps the most instructive and 
uncomplicated shear zone revealing rotational phenomena which is so 
far known to the geologic profession. The developing of nine almost 
evenly spaced oil fields along its anticlines arranged en échelon, five 
of which have contributed heavily toward flooding the world with oil, 
has bit by bit revealed the structure of this beautiful example. The 
writer’ originally described this zone as follows. 

The Newport-Beverly . . . fault zone occupies a long and narrow strip 
extending like a scar from southeast to northwest across the basin. The struc- 
ture extending from Newport to Beverly Hills is apparently dominated by a 


line of deep-seated faulting in consolidated rocks, this being evidenced by 
wells drilled, movements during historic time, and a characteristic topogra- 


iv E. Eaton, “Structure of Los Angeles Basin and Environs,” Oil Age (January, 
1924). 
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phy. The relation of the secondary structure to such deep-seated faulting is 
demonstrable by simple experiments with plastic substances. Although this 
faulting is known to reach the surface at certain localities, such surface ex- 
pressions have relatively little in common with the anticlines along the up- 
lift’s strike, being, like these anticlines, secondary to deeper structure. The 
movements along this zone appear to have been largely horizontal, and to 
have occurred in almost straight lines in rigid material buried at great depth. 
The result of the... attendant drag has been the arranging of the more 
unconsolidated sediments near the surface into short folds at an angle 
to the deeper movement and en échelon. . . . This horizontal faulting in the 
basement rocks . . . is probably the result of crustal adjustments which have 
resulted in a relative movement of the basin from southeast to northwest 
along the coast, and from northwest to southeast upon the landward side. 


Later discoveries agree with the essential portions of this early 
thesis. Horizontal movement of coastal California northwesterly is 
known from the work of Noble,' which has been corroborated by the 
writer,” 24 miles horizontal displacement of Miocene formations along 
the San Andreas rift having been measured at two separated locali- 
ties, at a third locality Miller’ reports 16 miles of gneiss to abut 
against an equal length of schist along the rift, and Reed‘ suspects at 
least as large a displacement from the relation of granitic boulders 
to their most obvious source. 

Further work along the Newport-Beverly shear zone has caused 
the writer to elaborate on certain of his early conclusions. More de- 
tailed investigation shows the deep-seated, hidden shear to be ex- 
pressed at the surface by at least five, and more probably seven sec- 
ondary fractures arranged en échelon, and if the southern portion 
buried beneath the sea is considered, the total number of surface 
fractures may exceed a dozen. These secondary faults or tension 
cracks deviate clockwise, and the associated anticlines counter-clock- 
wise,° from the strike of the deep-seated shear, as is apparent on 
Figure 1. The surface fractures do not join, but are separate lines 
which overlap, and which die out as they do so. They have moderate 
vertical components of not more than a few hundred feet, and there 


1 L. F. Noble, “The San Andreas Rift and Some Other Active Faults in the Desert 
- of Southeastern California,” Carnegie Inst. of Washington Year Book 25 (1925- 
26). 


2 J. E. Eaton, “Notes on the Principle and Theory of Isostasy,”’ Bull. Amer. Assoc. 
Petrol. Geol., Vol. 12, No. 12 (December, 1928). 


3 W. J. Miller, discussion, Geol. Soc. Amer., Los Angeles meeting (April 7, 1933). 


4R. D. Reed, “Santa Margarita Conglomerate of the Temblor Range,”’ Geol. Soc. 
Amer., Los Angeles meeting (April 7, 1933). 


5 J. E. Eaton, “Decline of Great Basin, Southwestern United States,”’ Bull. Amer. 
Assoc. Petrol. Geol., Vol. 16, No. 1 (January, 1932), Fig. 8. 
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are indications that some of them scissor, the downthrow being on 
one side for a part of their length, and then crossing over to the other 
side. In a word, there is apparently not a single fault at the surface, 
but a series of disconnected, overlapping tension cracks arranged en 
échelon which pass on to one another, like a chain, the task of relieving 
the strain set up by the deep-seated shear. 

The zone was regarded for a number of years as a continuous frac- 
ture on the surface, and was so delimited on maps, with the result 
that various local names have been applied to it. Among these, in the 
approximate order of their priority, have been the names Signal Hill, 
Palms, Inglewood, Huntington Beach, and Dominguez, according to 
the varying interests of investigators. The term Inglewood has of late 
years been in use among seismologists, due to an earthquake at that 
locality. The common failure to use the ending ‘“‘zone” when using the 
name of local fractures to designate the whole, causes the superficial 
and the primary feature designated by the same term to be confused, 
and obscures the true mechanics. Until the fundamental difference be- 
tween the short tension cracks and the underlying shear is thoroughly 
understood, the writer will call the whole the Newport-Beverly shear 
zone from its two landward extremities. 

That the general zone has had approximately a mile of horizontal 
throw since the Miocene is indicated by the feature that in at least 
three oil fields Pliocene sands seem to be offset some such amount. 
Beyond the northwest end of the zone the upper Miocene sediments 
near Beverly Hills have the appearance of being offset, but this is prob- 
ably more apparent than real, since the shear only doubtfully crosses 
the transverse Santa Monica Mountains fault zone as a unit, and 
more probably is diffused after reaching the latter. Of more signifi- 
cance is the feature that the transverse fault zone south of the 
Miocene outcrop is offset approximately a mile, as shown by the 
fact that the transverse range is offset that distance in the general 
vicinity of the place where the shear zone intersects it. The great 
transverse chain recognized by Blake' disorganizes the northwest- 
striking shear, and apparently prorates its throw throughout a 6-mile 
bend in the range front (a gradual offset) between Sherman and 
Brentwood Park. The western limit of the main granitic batholith, 
suggested by the western limit of contact metamorphism, forms a 
line of weakness which would invite the Newport-Beverly shear zone 
to head there. The shear veers at Dominguez Hill and strikes for this 
contact, which has been a place of weakness since the middle Miocene, 


1 W. P. Blake, “Pacific Railroad Reports,” U.S. War Dept., Vol. 5, Pt. 2 (1856). 
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as shown by a freakish local deposition of upper Miocene sediments, 
and their preservation. 

Horizontal movement along the deep-seated shear has been 
largely absorbed by the en échelon folds, it being demonstrable that 
surface folding of this nature can absorb considerable horizontal 
throw. The secondary, disconnected surface fractures tend, by their 
en échelon arrangement, to transmit some of the differential movement 
to outer areas of plastic sediments, and these have absorbed portions 
of it by gentler folding than occurs along the axis. With sufficient 
movement, or a thin enough blanket, a horizontal shear would break 
through to the surface in a narrow band. In the present instance the 
magnitude is inadequate to overcome the very thick plastic covering, 
and what is probably a single throw at depth is dissipated upward 
into en échelon folds and broad marginal warps, accompanied by sec- 
ondary tension cracks. The hidden shear theoretically passes beneath 
the series of anticlines, and not on one side as drawn on early maps. 

The earthquake discussed occurred along the central part of the 
shear zone. Since the damaged area is elongate, the shear presumably 
slipped over a considerable distance. A rough and unqualified measure 
of the area over which slippage occurred is the difference in length 
between the two axes, which indicates that the shear slipped through- 
out about 30 miles of its length. The tension cracks above the deep- 
seated shear would not necessarily immediately move in sympathy, 
since the upper adjustment is chiefly by folding, but would tend to 
grind their plastic walls almost imperceptibly throughout a period 
of years. 

Gianella and Callaghan,' reporting on a widely felt disturbance 
in the Great Basin, showed a crustal movement there of southeast 
parts toward the northwest, or similar to that along the Newport- 
Beverly shear zone, and found resulting surface fractures to tend to 
lie en échelon and to deviate clockwise from the axis of the disturb- 
ance, as would follow from the conditions. They report that of 70 
after-shocks felt by them on a certain day near the epicenter, none 
was recorded by a seismograph 125 miles distant, although a more 
sensitive instrument at approximately thé same distance recorded 
several. Gutenberg® states that the epicenters of these after-shocks 
varied as much as 50 miles. He informs the writer that tentative fig- 
ures indicate that the epicenters of the Long Beach earthquake after- 
shocks varied from 5 to 1o miles along the strike of the shear zone. 

1'V. R. Gianella and Eugene Callaghan, ‘Cedar Mountain, Nevada, Earthquake 
of December 20, 1932,”’ Seis. Soc. Amer., Los Angeles meeting (April 8, 1933). 

2 B. Gutenberg, oral communication. 
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The after-shocks of the Great Basin earthquake seem, by their merely 
local significance, to reveal secondary adjustment along secondary 
surface fractures. The Long Beach earthquake after-shocks, on the 
other hand, some of which were perceptible to the writer while in 
Santa Barbara, 108 miles from their epicenters, would seem to indi- 
cate chiefly further slippage of the original, deep-seated shear. The 
unexpectedly small damage to oil wells along the shear zone, most of 
which are a mile or more deep and lie almost astride of the epicenter, 
indicate that the secondary surface fractures which pass by, between, 
and through these wells did not move appreciably. 

Reference is again made to Figure 1. A majority of the faults 
plotted thereon are active, in the sense that most of them have moved 
in Recent time; that is, during the last 10,000 or 20,000 years. It is 
safe to conclude that no area in southern California will be free from 
earthquakes. Considering the rarity of perched rocks and pedestals, 
and the almost entire absence of certain cliff types normal to less dis- 
turbed regions, it is equally safe to conclude that shocks stronger than 
any recorded in historic time will occasionally visit each part of Cali- 
fornia. One of the hardest things of which to convince the public and 
its political guardians is the fact that in a region geologically express- 
ing recent strong seismic activity an historic dearth of earthquakes 
is not a favorable, but an ominous sign. However, the risk of death 
or injury from earthquakes is relatively small. According to current 
statistics, the average person in California has many times as much 
chance of dying in an automobile accident as in the appreciable earth- 
quake which each average part of California can expect at intervals 
of perhaps a hundred years or so. The wisest plan would seem to be 
to admit the susceptibility, and to work for safer construction of 
buildings. It is in this spirit that the meeting of the Seismological So- 
ciety of America held April 8, 1933, agreed, without dissent, that 
southern California can expect at unknown future times more earth- 
quakes and stronger ones! than that herein discussed. This reflects 
the opinion that the interests of public safety require a frank and 
unequivocal reading of the record that is written in the rocks. 

J. Epmunp Eaton 


NortH HoLtywoop, CALIFORNIA 
April 14, 1933 


1 Statement by H. O. Wood, concurred in by J. P. Buwalda. 
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CRACKS PRODUCED BY LONG BEACH, 
CALIFORNIA, EARTHQUAKE 


The accompanying picture shows one of two cracks that were pro- 
duced in a field } mile southwest of the intersection of Olive and 
Atlantic boulevards, on the eastern outskirts of Compton during the 
recent southern California earthquake. The length is 6 feet and a 
stick could be pushed down about 5 feet. Being in an artesian area, 


Fig. 1. 


water flowed from the crack as soon as it was formed and for a short 
time afterward. 

The fact that each of the two cracks trends approximately N. 
45°W. might be explained by tension which a compression wave 
caused when it momentarily distorted the earth. The tension would 
normally cause cracks paralleling the radii of the seismic wave. The 
epicenter was located about 2 miles west of Newport Beach under the 
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Pacific. As the position of these cracks is northwest from the epicenter 
about 10 miles, their direction does parallel the radii of the seismic 
waves. 

After the passing of the compression wave, the unconsolidated 
sand, lacking elasticity, failed to return to its original position, thus 
leaving the cracks. The same explanation suffices for a series of cracks 
which have been reported in the vicinity of Compton, with a north- 
east-southwest trend. 

If a circular disc of rubber were stretched to increase its circum- 
ference, one would note tension paralleling the radii and also paral- 
leling the circumference. The momentary expansion in a circular block 
of the earth’s crust outlined by a seismic wave at a given instant would 
represent a state comparable with the stretched circular disc of rub- 
ber. The tension that developed parallel with the radii of the waves 
could explain cracks such as the one in the picture and tension paral- 
lel with the seismic waves could explain the cracks reported in the 
same general area, at right angles to the one shown. 


Donut 
Los ANGELES, CALIFORNIA 


May, 1933 


PROJECTION OF DIP ANGLE ON PROFILE SECTION 


A profile section which crosses the strike of stratified formations 
will show foreshortened angles of dip, unless the section happens to 
be perpendicular to the strike. In fact, the actual angle to be placed 
on a section for the purpose of representing the dip is very easily 
computed in any case. Thus: the tangent of the actual angle is equal 
to the tangent of the dip angle multiplied by the sine of the angle which 
the line of profile makes with the line of strike. 

In the accompanying drawing (Fig. 1) the horizontal and vertical 
reference planes, and likewise the plane of the formation, are shown 
to intersect along the strike of the formation. @ is the angle of dip of 
the formation. The plane of the profile and its line on the horizontal 
plane are also shown. ¢ is the angle which this plane makes with the 
vertical plane; consequently, it is the angle which the line of the pro- 
file makes with the strike of the formation. a is the angle which is 
to be constructed on the plane of the profile for the proper representa- 
tion of the formation in its dip. 

At a point where the plane of the profile intersects the plane of 
the formation, the line a is drawn perpendicularly to the horizontal 
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plane. It lies, of course, on the plane of the profile. The point at the 
foot of this line lies at a distance c from the intersection of all four 
planes. From this same point the line } is drawn perpendicularly to 
the strike. 


| 
| 


Angles: a, ard 3 of 90*each 


From (1): 


tan 6 
From (2): 


b 
(5) 
sin @ 

The substitution of (4) and (5) into (3) gives: 
tan a=tan @ sin (6) 
A table of natural tangents and sines will provide the required 

numbers. 

The table of logarithmic tangents and sines offers a simplifica- 


| | 
Fane 
Plane of the _» | 
Formation ~ \ 
| 
S| 
| 
Fig. 1. 
Now we have the following equations: 
a 
—=tan 0 (1) 
b 
| b 
—-=sin (2) 
-=tan a (3) 
| 
] 
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tion in the fact that, with respect to the two terms on the right, the 
process of addition replaces that of multiplication, for 
log tan a=log tan 6+log sin @ (7) 


The angle a is read directly from the table of logarithmic tangents. 
STANLEY C. HEROLD 
Los ANGELES, CALIFORNIA 
March 6, 1933 


Mr. Herold’s ingenious solution of the problem is very interest- 
ing. The equation may be solved conveniently by graphs with a de- 
gree of accuracy sufficient for ordinary work. The accompanying 
graph is submitted as an example (Fig. 2). 


\NNS 


ANGLE OF DIP 


\ 

= 


s 


| 
7 10 20 30 40 50 60 70 60 90 
ANGLE BETWEEN PROFILE AND STRIKE 
Fig. 2. 

A solution of a problem is indicated by the dashed lines. Let us 
suppose we are drawing a profile section at an angle of 35° to the 
strike of the beds. The beds dip at an angle of 45°. The projected dip 
angle on the plane of the section will be 30°. 

Using Mr. Herold’s formula, the solution is as follows. 


tan a=tan @ sin @ 
6=45° 
o=35° 
sin 35°= .57358 
tan 45°= 1.00000 
tana=  .57358 
a= 29° 50’ 
TuLsa, OKLAHOMA Lynpon L. FOLEY 
May 4, 1933 
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SUGGESTED RESEARCH ON ORIGIN OF PETROLEUM 

It is generally recognized by petroleum geologists that petroleum 
and natural gas have been generated from the fatty remains of ma- 
rine animals and the gelatinous, fatty, resinous and waxy parts of 
plants. However, the data bearing on the nature of the transforma- 
tion are inadequate and unsatisfactory. 

The recent comprehensive studies of modern sediments by Trask 
have revealed interesting information bearing on the subject, al- 
though much work remains to be done. It should be borne in mind 
that his samples were obtained from the surface of the deposits or 
from relatively shallow depths in them and that probably no great 
length of time had elapsed between the accumulation and the collec- 
tion of the material. If a method of sampling could be devised whereby 
it would be possible to secure material from a greater depth in the 
sediments, the results might be more enlightening. 

In connection with this baffling problem of the origin of oil and 
gas, it occurs to the writers that experimentation under controlled 
conditions during a long period of years, with plant and animal mat- 
ter capable of serving as source materials, might yield valuable in- 
formation which would supplement the interesting data assembled by 
Trask. The purpose of such an investigation would be to determine 
not only the rate of transformation of source material into oil or gas 
or an intermediate product, but also the nature of the reactions in- 
volved and the possible réle of anaerobic bacteria in the process. 

A suggested line of procedure involves the placing of organic mat- 
ter of several types in compartments of a suitable chemically inert 
container so designed as to permit restricted circulation of water but 
to retain and protect the contents from scavengers and to trap any 
oil or gas, or both, generated. This should be submerged and anchored 
in the sea under favorable environmental conditions. At periodic in- 
tervals the container might be raised sufficiently near the surface to 
permit the removal of portions of the several samples and their de- 
composition products for laboratory study without exposing the re- 
maining contents to the atmosphere. The duration of the periods be- 
tween sampling should be a function of the duration of the investiga- 
tion and the rate of transformation of the organic debris as determined 
in the early stages of the experiment. 

For the best results, plans should be made to conduct the study 
for as long a period as justified by the results obtained and under more 
than one environmental condition. The supervision of the experiment 
should be in the hands of a group of scientists including a petroleum 
eologist, a bacteriologist, and an organic chemist. Some permanent 


744 GEOLOGICAL NOTES 


organization interested in marine biology such as the Marine Bio- 
logical Laboratory at Woods Hole, Massachusetts, should be able to 
coéperate in a study of this kind at a minimum of expense and a 
maximum of efficiency. 
F. M. Van 
BEN H. PARKER 
GOLDEN, COLORADO 
April 17, 1933 


KINCAID FORMATION, NAME PROPOSED FOR 
LOWER MIDWAY OF TEXAS! 


The name “Myrick” was proposed by Vaughan’ to cover all the 
deposits in southern Uvalde County from the top of the Upper Cre- 
taceous to the gravels. Beds later mapped as Midway, Indio, Carrizo, 
Bigford, and Mount Selman, were included. Unfortunately such a 
name is too comprehensive, and Kincaid, from the Kincaid ranch 
in southeastern Uvalde County, is here submitted for the beds in 
Texas overlying the Cretaceous and overlain by the upper Midway, 
or Wills Point formation. Vaughan’s name ‘“‘Myrick”’ was taken from 
““Myrick’s apiary,”’ 12 miles (air line) east-southeast of Uvalde, which 
stood and still stands on the high Frio River bank commanding a 
view of the most complete section of the lower Midway exposed in 
the state of Texas. The exposure from the Cretaceous contact, } mile 
above the apiary, to the Wills Point contact, } mile below it, may 
serve as the type of the Kincaid formation. The outcrops of the 
Kincaid are repeated downstream and are continued to within about 
a mile of the old Kincaid ranch-house. The Brazos and the Colorado 
offer finer sections of certain horizons, but only the Frio offers a 
scarcely interrupted outcrop of the entire lower Midway from the 
Escondido to the Wills Point. 

Figure 1 may serve to fix the section geographically. It is taken 
with slight alterations from the topographic sheet, which unfortu- 
nately does not indicate the course of the Frio with perfect accuracy. 

The Uvalde Folio, published by the United States Geological Sur- 
vey in 1900, is no longer available for distribution and it may be well 
to repeat the section which has given to the Midway of this area so 
great a historic interest. In that folio Vaughan wrote, under his dis- 
cussion of the ‘Myrick formation”’: 


1 Published by permission of the director, United States Geological Survey. 
2 T. Wayland Vaughan, U.S. Geol. Survey Uvalde, Texas, Folio 64 (1900), pp. 2-3. 
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The stratigraphic relations existing between the Eocene and Cretaceous 
deserve special consideration. The contact between the two series is seen at 
the locality 2 miles below Engelmann’s ranch,' and about half a mile (in a 
straight line) above Myrick’s lower apiary.' As much as the Texas Eocene 
and Cretaceous have been studied, only one actual contact had been previ- 
ously found; this gives the contact on the Frio an especial interest and im- 
portance. 


(AIR UNE? 


Evans’ Apiary 
(Myrick s Lower Apiary 


Long Hollow 


Scale 
2 3 


Fic. 1.—Frio River, southeastern Uvalde County, Texas. 


The following is the description of a section across the contact. 


SECTION ON FrI0 RIVER ALONG EOCENE-CRETACEOUS CONTACT 


Feet Inches 

. Rather soft yellowish sandstone. An interesting lithologic feature of 
this sandstone is the occurrence in it of large oval sandy nodules, 
which stand with their long axes vertical. They range from 1 foot to 1 
foot 6 inches in length, and vary between 3 and 7 inches in diameter. 
Some of these nodules, by breaking across, form sandstone disks. 
Some nodules are more nearly globular. . 

. Soft, yellow, sandy clay, with bluish streaks; some small pebbles i in 
lower part. . 

. Nodules of glauconitic sandstone. These contain a considerable num- 
ber of small pebbies. In lower few inches of this layer a considerable 
number of Ostrea cortex Conrad are found. This layer is principal 
horizon of large new species of Nautilus. . 

. Soft, very argillaceous, yellow sands, quite glauconitic. There is a 
ledge of Ostrea cortex near top of this layer; also a Turritella, prob- 
ably T. trilira Conrad, was found in it. This stratum is uppermost 
horizon of Cretaceous. . . . 

3. Harder sandy claystone, whitish blue or yellowish in n color. 

. Soft yellow, sandy clay. . 

. Sandstone, originally bluish, oxidizing brown and containing fucoidal 
impressions. Upper part of this stratum becomes sof ter, is more yel- 
lowish, and is in rather thin layers... . . 


Total 51 
Beds 7-5 are Eocene [Kincaid], and 4-1 are Cretaceous. 


A short distance downstream from this exposure, both opposite and 
above Myrick’s lower apiary, the Nautilus found in stratum No. 5 is associ- 
ated with such typically Eocene species as Turritella mortoni Conrad, Cucul- 


' This ranch is still in the Engelmann family but ‘“Myrick’s lower apiary” is now 
(1933) the Bob Evans apiary. Julia Gardner. 


B.mM. 6646 ( 
UVALDE 10 MILES Imann Ranch > 
FRIO \ 
CRETACEOUS 
5 MILES Old Kincaid Ranch 
( 
5 
4 
3 
> 
I 
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laea saffordi (Gabb), etc. There is no doubt that stratum No. 5 is Eocene, and 
that stratum No. 4 is Cretaceous.! 


The “soft yellowish sandstone” of Bed No. 7 thickens to 30 or 
35 feet downstream with an additional 1o-15 feet indicated in the 
higher ground back from the banks, but it is probable that the total 
thickness of the Kincaid in the Frio River section does not exceed too 
feet. Glauconite is a fairly constant but not abundant constituent and 
the calcite content is locally sufficiently high to indurate the layers 
so that they stand out as resistant ledges which may be followed for 
considerable distances both above and below the apiary. There is a 
slight interruption in the exposure upstream from the apiary, but 
just above the trail leading down from the apiary, the higher beds 
of the Kincaid, which are not represented in the Vaughan section, 
crop out as a dense glauconitic limestone, gray where unweathered 
and forming a prominent ledge which is above water only when the 
river is low. The general assemblage of the common but poorly pre- 
served fossils suggests the “Second Greensand” of Caldwell and 
Bastrop counties. This ledge can be followed downstream for } to } 
mile where it forms the base of a bluff of about 50 feet at the maxi- 
mum. In this bluff, limestone is overlain by 10-20 feet of gray sands 
and clays containing rounded concretions, some of them 2 feet in 
diameter. These sands and clays have been referred to the Wills 
Point (upper Midway), and they are overlain with marked uncon- 
formity by heavy cross-bedded sands of Indio age. 

Downstream from the apiary, the lower Midway section is re- 
peated as the result of a structural uplift and } to } mile above the 
mouth of Long Hollow, the Escondido is brought to the surface by 
the same uplift, and persists as a ridge on the east side of the channel 
for a distance of 100-150 feet. The Escondido is also present in the 
east bank of the Frio. I have Frank Getzendaner’s generous interest 
to thank for directing me to an excellent contact exposed in the break 
designated as Long Hollow on the topographic map, although there 
is no stream draining it and the indentation does not exist for more 
than } mile. 

The following section is exposed on the southeast bank of the ar- 
royo. 

Feet Inches 
. Arenaceous limestone, fossiliferous and glauconitic. . , 6 
. Yellow sand, slightly glauconitic. . . . 4 

I 
I 


. Arenaceous, sparsely glauconitic, and fossiliferous limestone. 


5. Fine yellow, slightly glauconitic sand. . 6 


1T. Wayland Vaughan, Geologic Atlas of the United States, Uvalde Folio 64 (1900) 
» 2. 
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. Indurated, highly calcareous, glauconitic sandstone, resistant and 
ledge-forming 


3. Fine yellow, slightly glauconitic sand 

. Basal conglomerate forming a discontinuous series of boulders, 
abundantly glauconitic and very hard and pebbly. Enclimatoceras 
2 feet above base. . . er 
Unconformity 

. Yellow fucoidal sandstone. Ostrea cortex was not observed but 
Sphenodiscus was found apparently worked out from clays in bot- 
tom of hollow. . 


Bed No. 1 is referred to the Escondido; beds 2 to 8 to the Kincaid 
formation of the lower Midway. 

The indurated calcareous sands and sandy limestones are resist- 
ant and ledge-forming, particularly that of bed No. 8, although they 
are not continuous with the similar beds in the apiary section. The 
manner in which these hard layers may lose their identity, becoming 
more arenaceous, less indurated, and tending to fuse not only with 
one another but with the intermediate sands, may be clearly observed 
along the southwest bank of the Frio a little less than a mile below the 
apiary. Downstream from Long Hollow along the east bank of the 
Frio and at the final outcrop about 1 mile above the Kincaid Ranch 
house, there is at least one bed and there are usually 2 or 3 sufficiently 
resistant to form prominent ledges. Most of the sandy limestones or 
calcareous sandstones are fossiliferous, some of them abundantly so, 
although the fossils occur in a very poor state of preservation. They 
are commonly characterized by the brown calcite of the large, thick- 
shelled bivalves and are probably the equivalent of that designated 
the “Squirrel Creek”’ limestone by Liddle in his Medina County re- 
port. 

The north line of the Kincaid Ranch falls, according to a written 
communication of the Garner Abstract Company of Uvalde, about 
15,000 feet above the old ranch house. The name Kincaid was chosen 
because among those associated with Frio River in its course through 
the Midway area of outcrop it seems the best available. The family 
has been and still is prominent in the history of Uvalde County, the 
“Red” Ranch house is a landmark, and the name Kincaid is reason- 
ably short and has a certain individuality that inhibits confusion with 
other formation names. 

UNITED STATES GEOLOGIST SURVEY Jutta GARDNER 

Wasarncton, D. C. 
March 27, 1933 
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REVIEWS AND NEW PUBLICATIONS 


“The Lower York-James Peninsula.” By Jos—EpH K. RosBerts. Virginia 
Geol. Survey Bull. 27, Educ. Ser. 2 (1932). 58 pp., 21 pls., 7 text figs. 


The peninsula between York and James rivers in Tidewater, Virginia, is 
justifiably characterized as the Cradle of the Republic. Of the eight counties 
included, six were settled in 1634; Jamestown, settled in 1607, was the first 
permanent English colony; Williamsburg, the old Colonial capital, is said 
to be the oldest incorporated town in the country and there, in 1693, the 
College of William and Mary was founded. General Benjamin Lincoln, in 
1783, wrote “An Account of Several Strata of Earth and Shells on the Banks 
of York River, in Virginia,’ which he published in the Memoirs of the Ameri- 
can Academy of Arts and Sciences, Vol. 1, a tribute not only to the exceptional 
outcrops offered by the York but also to the interest in natural history among 
the pioneers of that section. Collections from the splendid exposures of the 
Tertiary formations along the York and the James were made by or were 
known to all of the early Tertiary paleontologists and geologists of the middle 
Atlantic seaboard,—to Conrad, and Lea and Finch, and Lyell. Doctor 
Roberts has concerned himself with only the four counties at the lower end 
of the York-James peninsula. In this bulletin, written primarily for field 
classes, he has assembled the significant geological features, topographic, 
stratigraphic, and paleontologic, against their colonial background. It is 
interesting to know that the fortifications at Yorktown are from the same 
coquina which has aroused the enthusiasm of the collectors of fossils. It is 
interesting, too, that in the Rockefeller project, the materials from which 
they are making their hand-made bricks are those from which most of the 
colonial brick structures were made. 

The illustrations are excellent. Some of the best of the topographic maps 
and airplane photographs of the area have been reproduced and 30 of the 
typical Yorktown fossils have been briefly characterized and adequately 
figured. The bulletin will be a necessary item in the equipment of the paleon- 
tologist who goes collecting along the lower York-James and will add very 
greatly to the interest of the tourist’s pilgrimage. 

GARDNER 

UNITED STATES GEOLOGICAL SURVEY 

WASHINGTON, D. C. 
May 1, 1933 


RECENT PUBLICATIONS 
CALIFORNIA 


‘Jurassic and Cretaceous Divisions in the Knoxville-Shasta Succession 
of California,” by Frank M. Anderson. In Mining in California, July and 
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October, 1932 (April, 1933), pp. 311-28; 5 figs. This issue includes 2 quar- 
terly chapters of Report 28 of the State Mineralogist (Ferry Building, San 
Francisco). Price, $0.50. 

California Oil Fields (San Francisco), Vol. 17, No 4 (April, May, June, 
1932), issued in May, 1933, contains the following special articles. 

“Subsurface Storage of Oil and Gas in the Brea-Olinda and Lompoc 
Fields,” by F. C. Hodges and A. M. Johnson, pp. 5-12. 

“Lompoc Oil Fields, Santa Barbara County,” by S. G. Dolman, pp. 13- 
19. 

GEOPHYSICS 


“Theory of Torsion Balance, with Preliminary Study of Modification of 
Instrument to Decrease Time of Gravity Measurements,” by J. W. Joyce. 
U.S. Bur. Mines Tech. Paper 546 (1933). 46 pp., 21 illus. Price $0.05. 

Colorado School of Mines Quarterly (Golden, Colorado), Vol. 27, No. 3 
(July, 1932), contains the following. 

‘Announcement of the Series of Publications of the Department of Geo- 
physics,” by C. A. Heiland, pp. 5-9. 

“A Study for the Development of a Field Magnetometer Based on the 
Principle of the Earth Inductor,” by Pedro I. Aguerrevere, pp. 11-29; 6 
figs. 

“A Magnetic Survey of the Ralston Dike, Jefferson County, Colorado,”’ 
by William S. Levings, pp. 31-41; 6 figs; 2 pls. 

“Study of an Adjustable Wave-Filter Suitable for the Reception of Re- 
flected Seismic Waves,” by Sylvain Pirson, pp. 43-64; 20 figs. 


GERMANY 


“Bitumenspuren im Schwabischen Mittleren Muschelkalk und die Frage 
ihrer Bedeutung” (Traces of Bitumen in the Schwabian Middle Muschelkalk 
and Their Significance), by Rudolf Wager. Kali, Verwandte Salze und Erdél 

Potash, Related Salts and Petroleum), Vol. 27, No. 7 (April 1, 1933), pp. 79- 
84; 4 figs. Wilhelm Knapp, Halle (Saale), Miihlweg 19, Germany. 


LOUISIANA 


“The Contribution of Louisiana State University to the Development 
of Louisiana Geology,” by Henry V. Howe and Cyril K. Moresi. Louisiana 
Conservation Review (New Orleans), Vol. 3, No. 2 (April, 1933), pp. 23-33; 
1 fig. Historical; lists geologists of various state surveys and their publica- 
tions. 

TURKEY 

“Bibliography of Geology and Mineral Resources of Turkey.” U. S. 

Bur. Mines (Washington, D. C.). Mimeographed copies available free. 
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THE ASSOCIATION ROUND TABLE 


MEMBERSHIP APPLICATIONS APPROVED 
FOR PUBLICATION 


The executive committee has approved for publication the names of the 
following candidates for membership in the Association. This dces not con- 
stitute an election, but places the names before the membership at large. 
If any member has information bearing on the qualifications of these nom- 
inees, he should send it promptly to J. P. D. Hull, business manager, Box 
1852, Tulsa, Oklahoma. (Names of sponsors are placed beneath the name of 
each nominee.) 


FOR ACTIVE MEMBERSHIP 


Roy La Mont Ginter, Tulsa, Okla. 

W. B. Wilson, L. L. Foley, Robert H. Dott 
E. B. La Rue, Athens, Tex. 

Ben C. Belt, H. E. Minor, E. G. Thompson 
Burton Armand Lilienborg, Tulsa, Okla. 

A. I. Levorsen, L. L. Foley, Kent K. Kimball 
Ian Campbell Low, Buenos Aires, Argentine, S. A. 

Frank B. Notestein, John O. Bowers, George A. Severson 
Leland R. MacFarland, Oklahoma City, Okla. 

R. J. Riggs, John E. Van Dall, William W. Clawson 
Ellen Posey, Bartlesviile, Okla. 

A. F. Morris, V. E. Monnett, Charles E. Decker 
Henry Dayton Wi'de, Houston, Tex. 

John R. Suman, Wallace E. Pratt, L. T. Barrow 


FOR ASSOCIATE MEMBERSHIP 


Edward Lain Howard, Tyler, Tex. 
F.S. Prout, Wallace C. Thompson, Jack M. Copass 
Roy Livingston Lay, Houston, Tex. 
L. A. Scholl, John C. Miller, Frank C. Adams 
James H. McCourt, Cut Bank, Mont. 
J. S. Irwin, John G. Bartram, J. E. Hupp 
Fredrick W. Mueller, College Station, Tex. 
John T. Lonsdale, Frederick A. Burt, B. Coleman Renick 


ASSOCIATION ROUND TABLE 


ASSOCIATION COMMITTEES 


EXECUTIVE COMMITTEE 


Frank R. CLarK, chairman, Mid-Kansas Oil and Gas Company, Tulsa, Oklahoma 
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EUGENE CRITTENDEN TEMPLETON 

The sweep of gray wings through gathering dusk. Shadows masking the 
broad terrain. Another day of his life-long quest for Truth drawn toward 
its close. Perhaps with tomorrow’s dawning, yet a little more will be re- 
vealed to him in recompense for the long arduous hours in flight above that 
ever changing, ever the same inscrutable darkling land that now rises toward 
him. A sudden loom of trees, a single swerve of avoidance . . . with a flash- 
ing glory of full revealment the new day comes; his soaring spirit knows at 
last the hidden things. The years of brave single-hearted devotion, of rigor- 
ous self discipline, of joyous patient searching have found their fulfillment. 

Born in Miles City, Montana, March 2, 1889, ?Gene Templeton spent his 
boyhood in a region which must have shaped his later years, for in 1906 he 
entered Stanford University, registered in the department of geology and 
mining, and four years later graduated as Bachelor of Arts. During 1911 and 
1912 he took post-graduate work at Stanford and received the degree of 
Master of Arts in the latter year. During this period he also served as in- 
structor in geology and mining. 

In 1913 he assisted J. C. Branner in the preparation of that monumental 
work which crowned Branner’s years of investigation in Brazil. 

During the following two years, Templeton was associated with Harry R. 
Johnson in geologic field work mainly concerned with the petroleum-bearing 
regions of California, Montana, and western Canada. His unswerving fidelity 
to duty and to truth, his happy buoyant nature and fine companionship 
during this period, which was not always one of freedom from perplexities, 
make the remembrance of this all too short association a very dear one. But 
the call of a larger field of activity could not remain unanswered and in 1915, 
Templeton became resident geologist for the Intysh Corporation of London, 
at the Ridder Mines, Altai Mountains of Siberia. Here he remained until 1918 
when, characteristically modest, he enlisted and served in France as a private 
soldier with Company C, 27th Engineers, U. S. A., until 1919. 

During the balance of the vear 1919, he was employed by Henry L. 
Doherty and Company with petroleum investigations in Honduras and 
Mexico and from 1920 to 1925 the richening character of the man and his 
unfolding powers found expression in extensive and delicate negotiations for 
the Sinclair Consolidated Oil Company in such widely separated spheres of 
action as Europe, China, Russia, and Venezuela. 

In 1925 he entered the service of the Union Oil Company of California, 
made extensive geologic studies for that organization in Peru and Venezuela, 
and in 1926 became chief geologist for the Union National Petroleum Com- 
pany at Caracas, Venezuela, remaining in that position until 1930, when he 
returned to California as geologist for the Union Oil Company. 

His death occurred in Texas on November 21, 1932, near the close of a 
day’s flight above a region, the geologic character of which, in the line of duty, 
he had been investigating for his company. 

Harry R. JOHNSON 


Los ANGELES, CALIFORNIA 
APRIL 26, 1933 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


This department of personal news is of great use and interest to all mem- 
bers who read the Bulletin. Many have expressed their appreciation of it, but 
relatively few contribute to it,—possibly because of modesty. In order to 
avoid possible errors of printing items obtained from second-hand sources, 
it is hoped that members will keep headquarters informed of their own 
changes of address or occupation and professional activities of the kind which 
they like to read about other members. Send in your own items. 


SIDNEY PAIGE, of 2911 Thirty-Third Street, N. W., Washington, D. C.., 
has been employed as geological adviser to the Turkish Government. 

Wiis Storm has opened a consulting office at 1730 Milam Building, 
San Antonio, Texas. 

Myron C. Kress has been transferred from the eastern division of the 
Pure Oil Company, at Newark, Ohio, to the Tulsa office of that company. 

Puiirp S. SCHOENECK is district geologist for the Atlantic Oil Producing 
Company at Laredo, Texas. He was formerly in the Dallas office. 

DyEvaAp Eyour, 302 Furr Drive, San Antonio, Texas, sailed the latter 
part of April for Ankara, Turkey, where he will again advise the government 
in matters of petroleum exploration and development. His address is Iktisat 
Vekaleti. 

ERNEST OBERING, district geologist for the Shell Petroleum Corporation, 
has been transferred from Roswell, New Mexico, to San Angelo, Texas. 

Frep H. Kay, formerly of the Pan-American Transport Company, may 
now be addressed at the Standard Oil Company of New Jersey, 26 Broadway, 
New York City. 

J. R. REEVEs, district manager of the Penn-York Natural Gas Corpora- 
tion, announces the removal of its offices from Elmira, New York, to Couders- 
port, Pennsylvania. 

Joun M. HERALD, consulting geologist of Tulsa, is spending the summer 
at Cleo Springs, Oklahoma. 

CLEO W. EcKENWILER, geologist for the Darby Petroleum Corporation, 
has been transferred from Tulsa, Oklahoma, to San Antonio, Texas. 

Rotr ENGLEMAN, formerly at Matanzas, Cuba, is now at 711 Juniper 
Lane, Norman, Oklahoma. 

Wi..1AM C, Imst, formerly of 324 Braeside Avenue, Stroudsburg, Penn- 
sylvania, is now with the Illinois State Geological Survey, at Urbana. 

Recent talks before the Tulsa Geological Society were the following: 
“Determination of Velocities in Arbuckle Limestone and Tishomingo Granite,” 
by R. L. Harpe, of the Geophysical Research Corporation, Tulsa; and 
‘‘Origin of the Shoestring Sands of Greenwood and Butler Counties, Kansas,”’ 
by N. W. Bass, United States Geological Survey, Wichita. The society held 
its annual picnic and dance at Mohawk Park, Tuesday, April 25. 
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Joun E. GALLEY, formerly teaching geology at Louisiana State University 
at Baton Rouge, is now employed in the geological department of the Shell 
Petroleum Corporation at Tulsa. 

Warp C. Bean, recently in the geological department of the Shell 
Petroleum Corporation at Tulsa, is working in Roumania. His address is 
Astra Romana, Campini, Roumania. 

C. H. Harris, formerly part-time instructor in geology at Oklahoma 
University at Norman, is working for the Shell Petroleum Corporation with 
headquarters at Tulsa. 

A meeting of the Appalachian Geological Society at the University of 
Kentucky, Lexington, on April 8, was attended by members from Ohio, 
Kentucky, and West Virginia. The following papers were presented. 


“Nature and Mechanics of Low-Angle Overthrusting as Illustrated by the Cum- 
berland Overthrust Blocks,” by Jonn L. Ricu, of the University of Cincinnati. 

“Occurrence and Structure of the St. Peter and Cotter Formations as Revealed by 
Deep Test Wells on the Cincinnati Arch,” by A. C. McFar an and R. P. MEACHAM, 
of the University of Kentucky. 

“The Work of the Kentucky Department of Agriculture with Reference to Coals 
and Oil Shales,”’ by C. S. Crouse, of the University of Kentucky. 

“Relation of Fault Systems to Major Uplifts in the Appalachian, Ozark and Gulf 
Coal Regions,” by W. H. BucHer, of the University of Cincinnati. 


On May 4-7, the Appalachian Society enjoyed a field trip to the Pine 
Mountain, Big Stone Gap, and Cumberland Gap localities of Kentucky and 
Virginia. The president, CoLeEmAN D. Hunter, Kentucky-West Virginia Gas 
Company, Ashland, Kentucky, had charge of arrangements. 

R. W. Braucutt, of the Anderson Prichard Oil Corporation, Oklahoma 
City, Oklahoma, has a brief article in German on “Increasing the Production 
of Wells by Means of Chemical Solutions” in Petroleum Zeitschrift for April 5, 
1933. 

Brokaw, Drxon, GARNER, and McKEE, engineers and geologists, of 120 
Broadway, New York City, have transferred the office which they have 
maintained for the past six years at Shreveport, Louisiana, to Houston, Texas. 
DuGaALp Gorpon, who has been in charge since the offices were opened, 
moved to Houston, May tr. 

Ratpu O. RHOADES, formerly of Carthage, Missouri, may now be ad- 
dressed in care of The Gulf Companies, Gulf Building, Pittsburgh, Pennsyl- 
vania. 

W. D. CHAWNER has changed his address from Apartado to, Matanzas, 
Cuba, to 969 East State Street, Ithaca, New York. 

R. A. STEINMAYER has been retained by the Attorney General’s office of 
the State of Louisiana as a geologic expert witness on the Lake Peigneur, 
Louisiana, case. 

A. G. Nance, R. B. Kersow, and W. R. VANCE, all of the Gulf Produc- 
tion Company, Fort Worth, Texas, have been transferred to the Gulf Re- 
search and Development Corporation, Drawer K, Oakland Station, Pitts- 
burgh, Pennsylvania. The Gulf Company at Fort Worth has changed its 
address from Box 737 to Box 1290. 

THEODORE A. Link is returning to Calgary, Alberta, Canada, to resume 
his position with the Imperial Oil, Limited, of Canada. During the past six 
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months he has been preparing exhibits for the Petroleum Industry for “A 
Century of Progress,” 1933, Chicago. 

The Pure Oil News, Chicago, Vol. 15, No. 10 (March, 1933), contains an 
article entitled “Oil Industry Preparing Fine Exhibits for World’s Fair,” by 
Irwin E. Lamp, illustrated with a photograph of THEoporE A. LINK, geolo- 
gist of the Imperial Oil Company, Ltd., of Canada, under whose direction the 
geological and producing phase of the story of petroleum has been arranged in 
“A Century of Progress” on display at Chicago this summer. 

Donatp C. Barton, Houston, Texas, has a paper entitled ““The Iberian 
Structural Axis,” in the April-May, 1933, issue of The Journal of Geology. 

W. C. BLackBurN, geologist, Humble Oil and Refining Company, has 
been transferred from Corpus Christi to Bastrop, Texas. 

James F1tTzGERALD, JR., geologist with the Skelly Oil Company, has been 
transferred from Tulsa, Oklahoma, to Midland, Texas. 

C. E. VAN OrsTRAND, of the United States Geological Survey, at Washing- 
ton, and E. HEITHECKER, of the United States Bureau of Mines, at Shreveport, 
Louisiana, recently recorded the temperatures in wells in the Zwolle field, 
Sabine Parish, Louisiana. The Bureau of Mines is preparing a report on 
Zwolle. 

W. P. Jenny, consulting geologist and geophysicist, of Dallas, Texas, 
spoke on “Structural Trends in Florida,’ before the Houston Geological 
Society in April. 

FRANK BuTTRAM, of the Buttram Petroleum Corporation, Oklahoma City, 
is a new director of the Oklahoma Gas Corporation. 

Dwicut G. VEDDER is one of the purchasers of the Signal Oil and Gas 
Building in Los Angeles. 

R. E. Cottom is a director of the Southland Royalty Company, Ponca 
City, Oklahoma. 

Roy M. Butters is at 3236 Bryant Street, Denver, Colorado, engaged in 
consulting practice on gold and other mining prospects. 

EVERETT CARPENTER, consulting geologist, of Amarillo, Texas, has an 
article on “Enormous Gas Wastage in the Panhandle Field under Proposed 
Conservation Legislation,” in the Oil and Gas Journal, for April 27. 

CHESTER D. WHoRTON and H. Rocers VAN GILDER are doing consulting 
work in the Pennsylvania-New York Oriskany gas area. They may be ad- 
dressed at Box 83, Coudersport, Pennsylvania. 

R. B. Gricssy, geologist for the Stanolind Oil and Gas Company, has 
been transferred from Shreveport to Baton Rouge, Louisiana. 

JACKSON YOUNG, geologist for the United Gas System, formerly at Jack- 
son, Mississippi, is now located at Monroe, Louisiana. His address is Box 
1349. 

The Michigan Academy of Science, Section of Geology and Mineralogy, 
of which W. A. THomas is chairman, held an excursion in stratigraphy, 
paleontology, and structural geology in the area within 50 miles of Lansing, 
May 27 and 28. The committee in charge was W. A. KELty, chairman, FRANK 
LEVERETT, G. M. EuteErs, and R. B. NEWCOMBE. 

H. A. BUEHLER was the guest of honor at a testimonial dinner at Rolla, 
Missouri, on May 10, in celebration of his 25th anniversary as state geologist 
of Missouri. He was appointed to this position in May, 1908, and has served 
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continuously since that time. Dr. Buehler’s outstanding services to the State 
and, particularly, his participation in the development of the mineral in- 
dustry of Missouri were reviewed by a number of speakers. 

Haroip C. VANDERPOOL, formerly of the geological staff of the Rycade 
Corporation at Houston, Texas, read a paper, ‘“‘Notes on the Stratigraphy of 
the Gulf Coast Region,” before the Tulsa Geological Society, May 15, and 
PaRKER D. TRASK, of the United States Geological Survey at Washington, 
D. C., talked on “Source Beds” before the Society, May 18. 

Victor BARLow is engaged in field geology and petroleum engineering for 
the Bardeen Petroleum Company, Ltd., Los Angeles, California. 

Roy LEBKICHER, formerly of Great Falls, Montana, is now located at 225 
Bush Street, San Francisco, California. 

FRANK G. Parris has changed his address from 50 West Broad Street, 
Columbus, Ohio, to 1516 Highland Drive, Charleston, West Virginia. 

The American Institute of Mining and Metallurgical Engineers will hold 
a regional meeting at Chicago, June 26-30, in connection with A Century of 
Progress. The Hotel Stevens is headquarters. June 28 is Engineers’ Day at 
the fair. 

The thirteenth annual meeting of the Society of Economic Geologists will 
be held at Princeton University, Princeton, New Jersey, July 7-8. 

The tenth annual field trip sponsored by the Shreveport Geological So- 
ciety will cover the Jackson and Oligocene formations exposed in Caldwell 
and Catahoula parishes, Louisiana. The trip will begin at the Frances Hotel, 
Monroe, Louisiana, on Saturday morning, July 8. Bus fransportation will be 
furnished throughout the trip. After completion of the first day’s trip, return 
will be made to Monroe, from which point the second day’s trip to additional 
localities will be made on July 9. A pamphlet containing maps, stratigraphic 
sections, and general discussion will be furnished. A nominal fee to cover 
cost of bus transportation will be charged. For further information, write to 
D. N. JoLLEy, 203 Ward Building, Shreveport, Louisiana. 

The sixteenth session of the International Geological Congress will be 
held at Washington, D. C., July 22-29. 

The price of a card in the professional directory of the Bulletin has been 
reduced from $25.00 to $15.00 per year (12 insertions), effective with new 
cards and with renewals at the expiration of present contracts. 
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ERRATA 


Page 918, 3d new paragraph, lines 1-2: “behind” should be between. 

Page 921, line g: “depression” should be ouélet. 

Page 933, Fig. 9, line 6: “‘tg20-22” should be rgo2-22. 

Page 941, 3d paragraph, line 7: “and bone” should be clay. 

Page 947, Fig. 14, line 2 from bottom: “current south” should be current 
from south. 

Page 1009, faunal list of “‘gastropoda:’”’ seven species, Crassatellites to 
Corbula inclusive, should be listed under Pelecypoda. 
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